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opathy, etc. They are also related to sleeping disorders and platelet coagulations, and therefore they are also applicable 
to these diseases. 
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Description 

Technical Field 

[0 001] The present Invention relates to (^substituted phenyl-prostaglandin E derivatives. More particularly, the 
present Invention relates to 

(1) ©-substituted phenyl-prostaglandin E derivatives of formula (!) 



(?) 



(wherein all symbols have the same meaning as described- hereafter.), 

(2) a process for the preparation thereof and 

(3) a medicament comprising them as active Ingredient. 

Background 

[00021 Prostaglandin E 2 (abbreviated as PGE 2 hereafter.) has been known as a metabolite In the arachldonlc acid 
cascade It has been known that PGE 2 has cyto-protectrve activity, uterine contractile activity, a pain-inducing effect, 
a promoting effect on digestive peristalsis, an awakening effect, a suppressive effect on gastric acid secretion, hypo- 
tensive activity and diuretic activity, etc 

[0003J In the recent studies, it was found that PGEg receptor was divided Into some subtypes which possess different 
physiological roles from each other. At present, four main receptor subtypes are known and they are called EP,. EP 2 . 
EP, and EP 4 (Negishl M. et al., J. Lipid Mediators Cel Signaling, 12. 379-391 (1995)). 

[00041 The present inventors investigated to find new compounds which bind on each receptor specifically, so that 
we found that the compounds of the present Invention could bind selectively on EP 4 subtype receptor and achieved 
the present Invention. 

[00051 The compounds of the present Invention of formula (I) bind strongly on subtype EP 4 and therefore are useful 
for the prophylaxis and/or treatment of Immune diseases (autoimmune diseases (amyotrophic lateral sclerosis (ALS), 
multiple sclerosis. Sjoegren's syndrome, arthritis, rheumatoid arthritis, systemic lupus erythematosus, etc), post-trans- 
plantation graft rejection, etc.). asthma, abnormal bone formation, neurocyte death, pulmopathy, hepatopathy. acute 
hepatitis, nephritis, renal Insuffiency, hypertension, myocardial Ischemia, systemic Inflammatory syndrome, pain In- 
duced by ambustlon, sepsis, hemophagocytosls syndrome, macrophage activation syndrome, Still's diseases, Kawa- 
saki diseases, bum, systemic granuloma, ulcerative colltltls, Crohn's diseases, hypercytoklnemla at dialysis, multiple 
organ failure, shock, etc. They are also related with sleeping disorders and platelet coagulations, and therefore they 
are thought to be appicable to these diseases. 

[00061 The compounds of the present Invention of formula (I) bind weaWy on other PG receptors sndudlng other 
subtypes and do not express other effects, and therefore It Is probable that those compounds will be medical agents 
having less side-effects. 

[0007] On the other hand, a lot of PG compounds wherein phenyl group Is Introduced m the ©-chain are known, e. 
g. the following patent applications. The comments in the parenthesis show the use of the compounds. 

9-oxo type: JP kokal sho 49-92053 (I.e. US patent No. 4,036,832) (hypotensive effect etc.). 
9-chloro substituted type: JP kokai sho 56-92860 (I.e. US patent 4,444.788) (luteal recessive effect etc.). 
9-fluoro substituted type: JP Kokal sho 58-8059 (I.e. US patent 4,454,339) (luteal recessive effect ere). 
11-deoxy type: JP kokal sho 53-135956 (i.e. US patent 3,932,389) (Intermediates for prostaglandin i-aving hypo- 
tensive effect etc.). 

JP kokai sho 49-92053 (i.e. US patent No. 3.232.389) discloses that the following compounds have hypotensive 
effect, stimulating effect against smooth muscle, peptic ulcers, bronchodllator effect and therefore fr.ey are useful. 
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[0008] A compound of formula (A) 



M 



L 



N 




R 



OH 



(A) 



(wherein Ar is a- or |5- furyf, a- or jj- thienyl, a- or p- naphthyi, phenyl, 3,4-dirnethoxyphenyi, 3,4-methylenedioxyphenyl, 
3,4,5-trimethoxyphenyl or phenyl monosubstituted by halo, trifluoromethyl, phenyl, lower alkyl or lower alkoxy, 

nA is 0 or an integer of 1 - 5, with the proviso that when Ar is phenyl, substituted phenyl or naphthyi, then nA is 0 or 1 , 
R is hydrogen atom or lower aDcyl. 
W Is a bond or a cis double bond, 
2 is a bond or a trans double bond, 
M is keto, 



N and I are taken together to form a bond or when L Is hydrogen, N is selected so as to complete A, E or F 
prostaglandin structure), or 

lower alkanoyl, formyl or benzoyl ester of free hydroxy group in C9, C11 or C15 position and a pharmaceutical^ 
acceptable salt thereof. 

[0009] The specification provides specific PGE 2 compounds In which phenyl substituted by alkyl or alkoxy is intro- 
duced in the a>-chain; i.e. the compounds of examples 55 and 72 of the following formula. 




or 



< 



OH 

'H 



Example 55: 



[0010] 



0 



HO 




COOH 



Me 



(A-1) 
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Disclosure of the present invention 

[001 2] The present invention consists in, as described hereafter, the fact that the present Inventors have found that 
PGE compounds in which the co-chain includes phenyl group substituted by particular substltuents bind strongly on 
EP 4 and bind weakly on the other PG receptors including other subtypes than EP 4 . In other words, the present inventors 
have found that adoption of particular groups maintained EP 4 activity and the selectivity for EP 4 over other receptors 
is improved, to complete the invention. 
[001 3] The present Invention relates to 

(1) an co-substituted phenyl prostaglandin E derivative of formula (I) 




(wherein A is C2~8 alkylene, C2-8 alkenylene, C1-4 alkylene-phenylene, or C2-4 alkenylene-phenylene, 

R 1 is hydroxy, C1-6 alkyloxy, C1-6 alky1oxy-C1~6 aikyloxy, HO-C1-6 aikyloxy or a formula of NRW (wherein R 8 

and R 7 are each Independently hydrogen atom or C1-4 alkyl), 

R2 is oxo, halogen or a group of formula R 8 -COO- (wherein R 8 is hydrogen, C1-4 alky!, phenyl orphenyi(C1~4 
alkyl), C1-4 aikyloxy, HOOC-C1-4 alkyl, C1-4 alkyloxy-carbonyl-C1-4 alkyl, HOOC-C2-4 alkenyl or C1-4 alky- 
loxy-carbony1-C2~4 alkenyl), 
R3 is hydrogen atom or hydroxy, 
R 4 is C 1-4 alkylene, 

R 5 is phenyl substituted by the following groups: 

i) 1-3 groups selected from 

C1-4 alkyloxy-C1~4 alkyl, 

C2-4 alkenyloxy-C1~4 alkyl, 

C2-4 alkynyloxy-C1-4 alkyl, 

C3~7 cycloalkyloxy-C1-4 aikyl, 

C3-7 cycloalkyl(C1-4 alkyloxy)-C1-4 alkyl, 

phenyloxy-C1-4 aikyl. 

phenyl-C1~4 alkyloxy-C1~4 alkyl, 

C1-4 alkylthio-C1~4 alkyl. 

C2-4 alkenylthio-C1-4 alkyl. 

C2-4 alkynylthio-C1~4 alkyl. 

C3-7 cycloalkylthio-C1-4 alkyl. 



4 * 
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10 



5 



C3-7 cycloalkyl(C1-4 alkyithio)-C1-4 alkyl, 
phenylthio-C1-4 alkyl and ; 
phenyl-C1-4 alkylthio-CW alkyl, 
ii) C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyl, 
C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyloxy, 
C1-4 alkyloxy-C1-4 alkyl and hydroxy, 
C1-4 alkyloxy-C1~4 alkyl and halogen, 
C W alkylthio-C1-4 alkyl and C W alkyl. 
C 1-4 alkylthio-C1-4 alkyl and C1-4 alkyloxy, 
C1-4 alkylthio-C1-4 alkyl and hydroxy or 
C1-4 alkylthio-C1-4 alkyl and halogen, 
lii) halo-C1-4 alkyl or hydroxy-C 1-4 alkyl, 



15 



or 

iv) C1-4 alkyl and hydroxy; and 
— is a bond or a double bond, and 



when R 2 Is a group of formula R fl -COC, R 1 is C1-6 alkyloxy, C1-6 alkyloxy-C1-6 alkyloxy or HO-C1-6 alkyloxy 
and 8-9 position is a double bond), 
a non-toxic salt thereof or a cyclodextrin clathrate thereof, 
20 (2) a process for the preparation thereof and 

(3) a medicament comprising it as active ingredient. 



25 [0014] In the formula (I), C1-4 alkyl in R 5 , R 6 , R 7 and R 9 is methyl, ethyl, propyl, butyl and isomers thereof. 
[0015] In the formula (I), C1-6 alky< in R 1 is methyl, ethyl, propyl, butyl, pentyl, hexyl and isomers thereof. 
[0016] In the formula (I), C1-4 alkyleneln R 4 and A is methylene, ethylene, trimethylene, tetramethyfene and isomers 
thereof, 

[001 7] In the formula (I), C2-8 alkylene represented by A is methylene, ethylene, trimethylene, tetram ethylene, pen- 
30 tamethytene, hexamethylene, heptamethyiene, octamethylene and isomers thereof. 

[001 8] In the formula (I), C2-8 alkenylene represented by A includes one or two double bond(s) In itself, for example, 
vinylene, propenylene, butenylene, pentenylene, hexenylene, heptenylene, octenylene, pentadienylene, hexadl- 
enylene, heptadienyiene, octadienytene and isomers thereof. 

[0019] In the formula (I). C2-.4 alkenylene In A is vinylene, propenylene, butenylene and isomers thereof. 
35 [0020] In the formula (I). C2-4 alkenyi in R 5 and R 8 Is vinyl, propenyl, butenyl and isomers thereof. 
[0021] In the formula (I), C2-4 alkynyl in R 5 is ethynyl, propynyl. butynyl and isomers thereof. 
[0022] In the formula (I), C3-7 cycloalkyl In R s is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 
[0023] In the formula (I), halogen in R 2 and R 5 is fluorine, chlorine, bromine and iodine. 
[0024] In the present invention, as may be easily understood by those skilled in the art, 



Description 



40 



indicates a single bond 



or a double bond, unless otherwise specified, the symbol: 



45 



N 



so indicates that the substituent attached thereto Is in front of the sheet (P-position), 




55 



indicates that the substituent attached thereto is behind the sheet (a-position), 



5 
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: N. and \ 

indicates that the substituent attached thereto is in (^position or a-position or a mixture thereof. 
[0025] Uniess otherwise specified, ait isomers are included in the present invention. For exampie, alkyl, alkenyl, 
alkynyt and alkylene include straight-chain and branched-chain ones: isomers in the double bonds, rings, fused rings 
(e.g. E, Z, cis, trans isomers), isomers generated by the existence of asymmetric carbon atom(s) (e.g. R, S isomers, 
a, P Isomers, enantiomers, diastereomers), optically active isomers having optically rotatory power (D, L, d. I isomers), 
polar isomers separated by chromatography (more polar, less polar isomers), equilibrium compounds, arbitrary ratios 
of these compounds, racemic mixtures are ait included in the present invention. 
[0026] In the formula (I), the group of formula 




is preferably, 
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[0027] In the formula (I), hydroxy in the 15-posltion Is preferably attached as the a -configuration. 
[0028] In the formula (I), in the alkyiene 0 f R4 t methylene is most preferable. 

[0029] In the formula (I), the position of the substituent of phenyl in R 5 is preferably the 3-position, the combination 
of 3- and 4-position and the combination of 3and 5-posltion. 

[0030] In the compounds of the present invention of formula (I), the compounds described in the examples, the 
following compounds and corresponding esters, amides and 8-acylated compounds thereof are preferable. 
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Table 1 
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12 




13 




14 
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17 




18 
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22 




23 
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Table 18 
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Salts 

[0031] The compounds of the present invention of formula (I) may be converted into the corresponding salts by 
conventional methods. Non-toxic and water-soluble salts are preferable. Appropriate salts are described hereafter; 
5 salts of alkali metals (e.g. potassium, sodium), salts of alkaline-earth metals (e.g. calcium, magnesium), ammonium 
salts, salts of pharmaceutically acceptable organic amines (e.g. tetramethyl ammonium, triethyl amine, methytamine, 
dimethylamine, cyclopentylamine, benzylamlne, phenethylamine, piperldine, monoethanolamine, diethanolamine, tris 
(hydroxymethyl)methylarnine, lysine, arginine, N-methyl-D-glucamine). 

10 Cyclodextrin clathrates 

[0032] (^Substituted phenyl-prostaglandin E derivatives of formula (I) may be converted into cyclodextrin clathrates 
using a- B- or ^cyclodextrin or a mixture thereof, by the methods described In the specification of Japanese Kokoku 
No 50-3362, ibid. 52-31404 (I.e. GB Patent Nos. 1351238, 1419221) or Japanese Kokoku No. 61-52146. Converting 
is them Into cyclodextrin clathrates serves to increase the stability and solubility in water, and therefore it Is convenient 
for pharmaceutical use. 

[0033] Processes for.the preparation of the compounds of the present invention (a) Among the compounds of formula 
(I), a compound wherein R* is C1-6 alkyloxy, C1-6 alkyloxy-C1~6 alkyloxy or HO-C1-6 alkyloxy, I.e. a compound of 
formula (la) 

20 



25 




(la) 



(wherein R 11 Is C1-6 alkyloxy, C1-6 alkyloxy-C1~6 alkyloxy or HO-C1-6 alkyloxy and the other symbols have'the 
same meanings as described hereinbefore) may be prepared by subjecting to a deprotection reaction under acidic 
conditions a compound of formula (II) 

35 



40 




(II) 



45 (wherein R 12 is C1-6 alkyloxy, C1-6 alkyloxy-C1-6 alkyloxy or (a protective group for hydroxy removable under acidic 
conditions)-0-C 1-6 alkyloxy, R 31 is hydrogen or a protected form of hydroxy in which the protective group is removable 
under acidic conditions, R t0 is a protective group for hydroxy removable under acidic conditions, R 51 has the same 
meaning as R 5 , but hydroxy in the group of R 51 is protected by a protective group removable under acidic conditions 
and the other symbols have the same meanings as described hereinbefore). 

so [0034] Protective groups for hydroxy removable under acidic conditions include, for example, t-butyldimethylsilyl, 
triphenylmethyl, tetrahydropyran-2-yl, etc. 

[0035] Hydrolysis under acidic conditions is known, for example, it is carried out In a water-miscible organic solvent 
(e.g. tetrahydrofuran, methanol, ethanol, dimethoxyethane, acetonitrile or a mixture thereof, etc.), using inorganic acid 
(e.g. hydrochloric acid, phosphoric acid, hydrofluoric acid, hydrochloric acld-pyridine, etc.) or an organic acid (e.g. 
55 acetic acid, tosyl add, trichloroacetic acid, etc.) at a temperature of 0-50 °C. 

[0036] (b) Among the compounds of formula (I), a compound wherein R 1 is hydroxy, i.e. a compound of formula (lb) 



26 



1 
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t< ,A COOH 




lib) 



(wherein all symbols have the same meaning as described hereinbefore) may be prepared by subjecting to hydrolysis 
reaction using an enzyme or a hydrolysis reaction under alkaline conditions a compound of formula (la) 



15 



20 




(la) 



25 



30 



(wherein all symbols have the same meaning as described hereinbefore). 

[0037] Hydrolysis using an enzyme is known, for example, it may be carried out in a mixture of water-miscible organic 
solvent (e.g. ethanol, dimethyl sulfoxide, etc.) and water, in trie presence or absence of a buffer, using hydrolase (es- 
terase, lipase etc.) at a temperature of 0-50 °C. 

[0038] Hydrolysis under alkaline conditions is known, for example, it may be carried out in a mixture of a water- 
miscible organic solvent (e.g. ethanol, tetrahydrofuran (THF), dloxane, etc.) using an aqueous solution of an alkali 
(sodium hydroxide, potassium hydroxide, potassium carbonate, etc.) at a temperature of -10-90 °C. 
[0039] (c) Among the compounds of formula (I), a compound wherein R 1 is NR 6 R 7 , I.e. a compound of formuJa (Ic) 



35 



40 



COR 6 R 7 




4_ D 5 



(Ic) 



(wherein all symbols have the same meaning as described hereinbefore) may be prepared by subjecting to an amidation 
reaction a compound of formula (ib) 



45 



so 




(Ib) 



(wherein all symbols have the same meaning as described hereinbefore) and a compound of formula (III) 
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HNR 6 R 7 (>») 
(wherein all symbols have the same meaning as described hereinbefore). 

0040] Amidation reaction is known, for example, it is carried out in an inert organic solvent (e.g. THF. methylene 
chloride, benzene, acetone, acetonitiile or a mixture thereof, etc.) in the presence or absence of a ternary amine 
(dimethylamlnopyrldine, pyridine, triethytamine. etc.), using a condensing reagent (1,3-dichiorohexyicarbodiimide 
(DCC) 1.ethyl-3-[3-(dimethylamino)propyl]carbodiimide (EDC), etc.) at a temperature of 0-50 'C. 

0041 ) The compound of formula (III) is a known compound or may be prepared by known methods easily. 
r0042] The compound of formula (H) may be prepared according to the following schemes 1 , 2, 3 or 6. 

00431 Moreover, the compounds of formula (la), (la-1) and (lb) may be synthesized by the schemes 4 or 5 
[0044] The symbols described In the schemes have the following meaning or the same meaning as descnbed here- 
Inbefore: 

t-Bu: t-butyl, 
Ms: methanesulfonyl, 
n-Bu: normal butyl, 
Ts: p-toluenesulfonyl, 
X: halogen atom, 
R21; halogen atom, 

R22- acyl, 

A 1 : C W alkylene, C2-7 alkenytene, C1-3 alkylene-phenylene or C2-3 alkenylene-phenytene, 
A 2 : C2-8 alkylene or C1-4 alkylene-phenylene. 

[00451 In each scheme, the process for the preparation of 1 5a isomer is Illustrated, but 15? Isomer and a mixture of 
1 5a and 1 5p isomers may be also synthesized depending on the choice of reduction method, with or without separation, 
depending on the choice of starting materials 
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: Scheme 1 

5 



0 
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Scheme 2 
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Scheme 3 



HQ 



1 nV a-cor 12 



R 4 -R 51 



HCOQ 




(XIV) 



(XVI) 



(XVII) 



(XVIII) 



(II-3) 
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Scheme 4-1 



V ,A-COR 12 
VSsHO 



(XIX) 




MeO'ii B (XX) 



p4_ R si (XXI) 



Selective Reduction 



Tp Scheme 4-2. 

Th 3 SnH or 
Bu 3 SnH 

Ha/Pd V 

To Schema 4-2 



R^O 



^ (xx..) 



OH 

Protection of hydxory 
,*A-COR 12 

RMf (XX,,M> 




To Scheme 4-3 
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Scheme 4-2 




To Scheme 4-3 To Schem 9 4-3 
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Scheme 4-3 



(XXIII-1) (XX1II-2) (XXIII-3) 
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' Scheme 5 
A-COR 12 

(XXXII) 

CHO 

MeO x ^-\^R 4 — R S1 
MeO'jl T (XX) 

w 

vN A-COR 12 

R 4_ R si (XXXIII) 

0 

Selective Reduction 

w 

tA A-COR 12 

R 4_ R st (XXIV) 

OH 

H* 

>nN A-COR 11 

#-# (la - 1) 

6h 
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Scheme 6 



A-COR 12 



(IV) 



t-BuU 



,R 4 -R S1 

(V) 
5R 10 

/S Cu(CN)U 

VJ 



2) (R 8 CO) 2 0 (XXXV) 
or 

R 8 COX (XXXVI) 



A-COR 12 




R 4 -R 51 



(IM) 



OR 



10 
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Scheme 7 



NBa (XXXVII) 



k „R — R 



4 D 51 



OR 10 



(V) 



t-BuLi 



Cu(CN)U 

IT 




4 q51 



(XXXVIII) 



Br\ . i-- COr12 (XXXIX) 




COR 



12 



R 4 -R 51 



(11-4) 



OR 10 
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Starting materials and Reagents 

100461 Each reaction in the above reaction schemes Is carried out by known methods. In the above reaction schemes, 
ne comS of formulae (IV). (V), (XIX), (XIX), (XX), (XXXI.) and (XXXVII) are known per se or may ^ prepared 
b JoWmethods easily. For example, among the compounds of formula (IV), a compound wherein -R" s tetrame- 

SZy^shVxeS 
nfc^ 

TfESSSi TZSL in JP koka. sho 52-27753 (I.e. US patent 4,180.675). The other starting materials and 
reaoants in the present Invention are known per se or may be prepared by known methods. 
00471 in eachTcton of me present specification, reaction products may be purified by convener*, techniques^ 
Forexamplepuriflcadonmaybecamedo 

Luld chrematography, thin layer chromatography or column chromatography using silica gel or magneaum steals, 
Swash^ 

Pharmacological Activities 

[0048J The compounds of the present invention of formula (I) bind strongly and act on EP 4 receptor which is PGE, 
J 0 4 3 r r Se X P am P la.ln.he.aboratorymeeffectsof the compounds of the present invention were (iortirrned by binding 
assay using expression cell of prostanoids receptor subtype. ■ 

(i) Binding assay using expression cell of prostanoids receptor subtype 

[0050] The preparation of membrane fraction was carried out according to the method * a ^ J - *' oL 

Chem , 267, 6463-6466 (1992)1. using expression CHO cell of the prostanoids receptor subtype (mouse EP„ EP 2 . 

i!&7| ff ltf!^2U mixture containing membrane fraction (0.5 mg/ml) and P^E, In a*« .volume , of 
200 u was Incubated for 1 hour at room temperature. The reaction was terminated by addition of Ica-cooted I buffe (3 

filter was measured by liquid scintillation counting. 

roos2i Kd and Bmax values were determined from Scatchard plots [Ann. N. Y. Acad. Sci., 51 660 ( 949)). Non 

5 C bw ng was caicutted as the binding in the presence of an excess (2.5 pM) of unlabeled PGE 2 . In the msas- 

3^^553^ inhibitory activity. [3H]-PGE 2 (2.5 nM) and various concentrate of the compounds of 

the present invention were added. The following buffer was used in all reaction 

[00531 Buffer ; 10 mM potassium phosphate (pH 6.0), 1mM EDTA. 10 mM MgC 2 0.1 M 

[0054 The dissociation constant Ki (pM) of each compound was calculated by the following equation. 



KI=IC 50 /(1+([CJ/Kd)): 



[0055) The results are shown in the Tables 1 9 and 20. 

Table 19 



Ex. No. 


Dissociation Constant 
Ki(^M) 
EP4 








0.006 


2 

2(1) 

2(4) 

2(11) 

2(15) 

4 






0.0016 






0.003 
0.010 
0.0026 
0.0036 


4(12) 
5(12) 
8(6) 






0.0059 

0.008 

0.0015 
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Table 19 (continued) 



Ex. No. 


Dissociation Constant 




Ki(uM) 




EP4 


The compound described as example 55 in JP kokai sho 49-92053 


0.032 


The compound described as example 72 in JP kokai sho 49-92053 


0.067 


Table 20 


Ex. No. 


Dissociation Constant 




Ki (u.M) 






2 


0.82 


2(1) 


0.12 


2(4) 


>10 


2(11) 


0.54 


2(15) 


1.40 


4 


3.20 


4(12) 


0.35 


5(12) 


6.0 


8(6) 


0.04 


The compound described as example 55 In JP kokai sho 49-92053 


0.011 


The compound described as example 72 In JP kokai sho 49-92053 


0.048 



[D056] As shown above, it is dear that the compounds of the present invention bind strongly on subtype EP 4 and 
weakly on the other PGE 2 receptors (e.g. EP 3 ). 

Toxicity 

[0057] The toxicity of the compounds of the present invention is very low and therefore, it is confirmed that these 
compounds are safe for pharmaceutical use. 

Industrial Applicability 

Application to Pharmaceuticals 

[0058] The compounds of the present Invention of formula (I) bind selectively and act on PGE 2 receptor, especially 
on EP 4 subtype receptor and therefore are useful for the prophylaxis and/or treatment of immune diseases (autoimmune 
diseases (amyotrophic lateral sclerosis (ALS), multiple sclerosis, Sjoegren's syndrome, arthritis, rheumatoid arthritis, 
systemic lupus erythematosus, etc.), post-transplantation graft rejection, etc.), asthma, abnormal bone formation, neu- 
rocyte death, pulmopathy, hepatopathy, acute hepatitis, nephritis, renal insufficiency, hypertension, myocardial 
ischemia, systemic inflammatory syndrome, pain induced by ambustion, sepsis, hemophagocytosis syndrome, mac- 
rophage activation syndrome, Still's diseases, Kawasaki diseases, bum, systemic granuloma, ulcerative colititis, 
Crohn's diseases, hypercytokinemia at dialysis, multiple organ failure, shock, etc. They are also connected with sleep- 
ing disorders and platelet coagulations, and therefore they are thought to be useful for these diseases. 
[0059) Among the compounds of the present invention of formula (I), the compounds which bind on other subtypes 
than EP 4 weakly do not express other effect, and therefore it is probable that they will be those agents having less 
adverse effects. 

[0060] For the purpose described hereinbefore, the compounds of the present invention of formula (I), non-toxic salts 
thereof and CD clathrates thereof may normally be administered systemically or topically, by oral cr parenteral admin- 
istration. 

[0061] The doses to be administered are determined depending upon age, body weight, symptom, the desired ther- 
apeutic effect, the route of administration, and the duration of the treatment etc. In the human adult, the doses per 
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person per dose are generally from 1 ug to 100 mg, by oral administration, from once up to several times per day, and 
from 0.1 jig to 10 mg, by parenteral administration (preferably Intravenously) from once up to several times per day, 
or by continuous administration for from 1 hour to 24 hours per day into vein. 

[0062] As mentioned hereinbefore, the doses to be administered depend upon various conditions. Therefore, there 
5 are cases in which doses lower than or greater than the ranges specified hereinbefore may be used. 

[0063J The compounds of the present invention may be administered in the form, for example, of solid compositions, 
liquid compositions or other compositions for oral administration, or Injections, liniments or suppositories etc. for 
parenteral administration. 

[0064] Solid compositions for oral administration include compressed tablets, pills, capsules, dispersible powders, 
10 and granules etc. 

[0065] Capsules include hard capsules and soft capsules. 

[0066] In these solid compositions, one or more of the active compound(s) are admixed with at least one Inert diluent, 
e.g. lactose, mannitol, mannit, glucose, hydroxypropyl cellulose, microcrystalllne cellulose, starch, polyvinyl pyrro- 
lidone, magnesium metasiilcate alumlnate. The composition may comprise, according to the conventional manner, 

is additives other than Inert diluents, e.g. lubricating agents such as magnesium stearate, disintegrating agents such as 
cellulose calcium glycolate, agents to assist dissolution such as glutamic acid, aspartlc acid. The tablets or pills may, 
if desired, be coated with film of gastric or enteric material such as sugar, gelatin, hydroxypropyl cellulose, hydroxypropyl 
cellulose'phthalate etc. or be coated with more than one film. Coating may include containment within capsules of 
absorbable materials such as gelatin. 

20 [0067] Liquid compositions for oral administration Include pharmaceutical^ acceptable emulsions, solutions, syrups 
and elixirs etc. In such liquid compositions, one or more of the active compound(s) may be contained in inert diluent 
(s) commonly used in the art (e.g. purified water, ethanol). Besides inert diluents, such compositions may also comprise 
assisting agents (e.g. wetting agents, suspending agents), sweetening agents, flavoring agents, perfuming agents and 
preserving agents. 

25 [0068] Other compositions for oral administration Include spray compositions which comprise one or more of the 
active compound(s), prepared by methods known perse. Spray compositions may comprise stabilizing agents such 
as sodium sulfite hydride, isotonic buffers such as sodium chloride, sodium citrate or citric acid. For the preparation of 
such spray compositions, for example, the method described in the United States Patent No. 2,868,691 or No. 
3,095,355 may be used. 

30 [0069] Injections for parenteral administration include sterile aqueous or non-aqueous solutions, suspensions and 
emulsions. Aqueous solutions and suspensions include, for example, distilled water for Injection and physiological salt 
solution Non-aqueous solution and suspensions include, for example, propylene glycol, polyethylene glycol, vegetable 
oil such as olive oil, alcohol such as ethanol, POLYSORBATE80 (registered trademark) etc. These compositions may 
comprise assisting agents such as preserving agents, wetting agents, emulsifying agents, dispersing agents, stabilizing 

35 agents, agents assisting dissolution (e.g. glutamic acid, aspartic acid etc.). They may be sterilized for example, by 
filtration through a bacteria-retaining filter, by incorporation of sterilizing agents in the compositions or by irradiation. 
They may also be manufactured in the form of sterile solid compositions which may be dissolved in sterile water or 
some other sterile solvent(s) for injection before use. 

[0070] Other compositions for parenteral administration Include liquids for external use, and ointment endermlc 
40 liniments, suppositories for rectal administration and pessaries for vaginal administration etc. which comprise one or 
more of active compound(s) and may be prepared by conventional methods. 

The Best Mode for Carrying Out the Present Invention 

45 [0071] The following reference examples and examples are intended to illustrate, but do not limit, the present inven- 
tion The solvents in parentheses show the developing or eluting solvents and the ratios of the solvents used are by 
volume in chromatographic separations. The solvents In the parenthesis of NMR show the solvents used for measure- 
ment. 
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Reference Example 1 
1-bromo-3-methoxymethytbenzene 
5 [0072] 



to 




[0073] To a solution of 3-bromobenzylbrornide (15.0 g) In methanoldimethoxyethane (30 ml + 10 ml) was added 
15 . sodium methylate (4.9 g) under cooling with ice and the mixture was stirred for 1 hour at room temperature. The reaction 
mixture was poured into water. The reaction mixture was extracted with ether. The organic layer was washed with a 
saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent was evapo- 
rated to give the title compound (12.1 g) having the following physical data. 
TLC: Rf 0.74 (ethyl acetate : hexane = 1:4); 
20 NMRfCDCIj): 5 7.50 (s, 1H), 7.42 (dt. J=8, 2 Hz, 1H), 7.3-7.2 (m, 2H). 4.43 (s, 2H), 3.40 (s, 3H). 

Reference Example 2 

(25)-3-(3-methoxymethylphenyl)-1-triphenylmethoxypropan-2-ol 

25 

[0074] 



30 




35 [0075] Magnesium ribbon (1 .41 g) was dried by heating under reduced pressure, and thereto was added anhydrous 
THF (30 ml) and dibromoethane (a few drops). To the mixture was added a solution of the compound prepared in 
reference example 1 (9.65 g) in anhydrous THF (30 mi) over a period of 45 minutes. 

[0076] Thus obtained solution was added to a suspension of copper Iodide (0.76 g) in anhydrous THF (30 ml) under 
cooling with ice, and the mixture was stirred for 30 minutes. To the mixture was added a solution of S-(-)-glycidy1 trityl 

40 ether (12.7 g) in anhydrous THF (30 ml) and the mixture was stirred for 1 hour and the mixture was poured into a 
saturated aqueous solution of ammonium chloride. The mixture was extracted with ethyl acetate. The organic layer 
was washed with a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, concen- 
trated to give the title compound (1 9.5 g) having the following physical data. 
TLC: Rf 0.29 (ethyl acetate : hexane = 1:4); 

45 NMRfCDCIa): 8 7.5-7.1 (m, 19H), 4.40 (s, 2H), 4.1-3.9 (m. 1H), 3.37 (s, 3H), 3.3-3.1 (m, 2H), 2.9-2 J (m, 2H). 2.23 (br, 
1H). 

Reference Example 3 
50 (2S)-3-(3-methoxymethylphenyl)propan-1,2-diol 
[0077] 
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15 



20 



r00781 To a solution of the compound prepared in reference example 2 (19.5 g) in THF (10 ml) was added acetic 
acid (80 ml) and water (10 ml) and the mixture was heated to 60 *C and stirred for 6 hours. To the mixture was added 
water (40 ml) and the mixture was cooled to room temperature, and the precipitate was removed by filtration. The 
filtrate was concentrated. The precipitate was removed again and the mixture was concentrated. From the obtained 
oil, the solvent was separated as azeotropic mixture with toluene to give the title compound (8.9 g) having the following 
physical data. 

TLC: Rf 0.64 (ethyl acetate : hexane = 2:1). 
Reference Example 4 

(2S)-3-(3-methoxymethylphenyl)-1-acetyloxypropan-2-ol 
[0079] 




roOBOl A solution of the compound prepared in reference example 3 (8.9 g) and 2,4,6-collldine (10.6 ml) in methylene 
chloride (120 ml) was cooled to -70 'C and thereto was added acetyl chloride (4.0 ml) dropwise. The mixture was 
stirred for 1 5 minutes and thereto was added methanol and the mixture was allowed to warm to 0 °C. The mixture was 
25 washed with a 1 N hydrochloric acid and a saturated aqueous solution of sodium chloride, dried over anhydrous mag- 
nesium sulfate, concentrated to give the title compound (10.8 g) having the following physical data. 
TLC: Rf 0.64 (ethyl acetate : hexane = 2:1); ^^^^ , u . 

NMR(CDCl3): 6 7.4-7.1 (m, 4H), 4.43 (s, 2H), 4.25-3.95 (m, 3H), 3.41 (s. 3H). 2.9-2.8 (m. 2H), 2.12 (s, 3H). 

30 Reference example 5 

(2S)-3-(3-memoxymemylphenyl).1-acetyloxy.2-(2-tetrahydropyranyioxy)propane 

[0081] 

35 
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OTHP 



50 



[0082] To a solution of the compound prepared in reference example 4 (10.8 g) in methylene chloride 40 ml) were 
added dihydropyran (5.5 ml) and pyridinium p-toluenesulfonate (0.50 g) and the mixture was stirred for 4 hours. The 
solution was concentrated and the residue was diluted with ethyl acetate. The mixhjre was washed with water and a 
saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate and concentrated. The residue 
was purified by column chromatography on silica gel to give the title compound (14.0 g) having the following physical 
data. 

TLC' Rf 0 53 (ethyl acetate : hexane : methylene chloride = 1:2:2); 

NMRtCDCy: 5 7 3-7.1 (m, 4H). 4.85-4.8 and 4.45-4.0 (m, 1H), 4.43 (s, 2H), 4.25-3.85 and 3.5-3.2 (m, 5H), 3.39 (s, 
3H), 3.05-2.8 (m, 2H), 2.10 and 2.08 (s, 3H), 1.9-1.4 (m, 6H). 



55 
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Reference example 6 



(25)0-(3-memoxymethylphenyl)-2-{2-tetn3hydropyranyloxy)propan-1-ol 



5 [0083] 



10 



HO* 




OMe 



[0084] To a solution of the compound prepared in reference example 5 (14.0 g) In methanol (40 ml) was added a 2N 
15 aqueous solution of sodium hydroxide (5 ml) and the mixture was stirred for 1 hour at room temperature. The solvent 
was evaporated and the residue was diluted with ether, washed with water and a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulfate. The mixture was concentrated. The resulting oil was purified 
by column chromatography on silica gel to give the title compound (11.0 g) having the following physical data. 
TLC- Rf 0 51, 0.41 (dlastereomeric mixture at the position of THP, ethyl acetate : hexane = 2:1); 
20 NMRfCDCIJ: 5 7.3-7.1 (m, 4H), 4.85-4.8 and 4.25-4.2 (m, 1 H), 4.42 (s, 2H). 4.05-3.4 <m. 5H), 3.38 (s, 3H), 3.06 (dd, 
J=14, 6 Hz, 1H) ( 2.85 (dd, J=14, 8 Hz, 1H), 2.8-2.7 and 2.15-2.05 (m, 1H). 1.9-1.4 (m, 6H): 

Reference example 7 
25 (2S)-3-(3-methoxymethylphenyl)-2-(2-tetrahydropyranyloxy)propan-1-al 



[0086] A solution of oxalyl chloride (6.8 ml) In methylene chloride (150 ml) was cooled to -78 °C and thereto was 
added a solution of anhydrous dimethylsulfoxide (11.1 ml) in methylene chloride (30 ml) overa period of 15 minutes. 
The mixture was stirred for 15 minutes and thereto was added a solution of the compound prepared in reference 
example 6 (11 0 g) In methylene chloride (40 ml) dropwlse over a period of 35 minutes and the mixture was stirred for 
another 10 minutes and thereto was added triethylamine (32 ml). The mixture was warmed to -40 °C and sttred for 
45 minutes The reaction solution was poured into a 1 N hydrochloric acid and the mixture was extracted with a mixture 
of ether-hexane The organic layer was washed with water, a saturated aqueous solution of sodium bicarbonate and 
a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent was evap- 
orated to give the title compound (11.1 g) having the following physical data. 
TLC: Rf 0.45 (ethyl acetate : hexane = 1:2); 

NMR(CDCy 5 9.75-9.0 (m, 1H), 7.3-7.1 (m, 4H), 4.8-4.75 and 4.35-4.3 (m. 1H), 4.43 (s, 2H), 4.45-4.3 and 4.1-4.0 
(m, 1H), 3.95-3.9 and 3.5-3.4 (m, 1H), 3.40 (s, 3H). 3.3-2.8 (m. 3H), 1.9-1.3 (m, 6H). 



[0085] 
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Reference example 8 

(3S)-1 ,l-dlbromo-4-(3-methoxymethylphenyl) -3- (2-tetrahydropyranyloxy)-1-butene 
5 [0087] 



10 
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[0 088] A solution of carbon tetrabromlde (39.8 g) in methylene chloride (150 ml) was cooled to .20 'C and hereto 
was added a solution of triphenylphosphlne (63 g) In methylene chloride (100 ml) ,° ve ^ 
Tht^nAH r«d ssola solution was cooled to -40 9 C and thereto was added a solution of the compound prepared In 

refe^ 

was added the above obtained sepia solution with stirring vigorously. The precipitate was » rfiM M 
was concentrated. The residue was purified by column chromatography on silica gel to give the title compound (13.6 
g) having the following physical data. 
TLC: Rf 0.36 (ethyl acetate : hexane = 1 :9). 

Reference example 9 

(3S) ^.(3-methoxymethylphenyi)^-(2.tetrahydropyranyloxy).1-butyne 
[0089] 

5thp K^J 

[0090] A solution of the compound prepared in reference example 8 (13.5 g) in anhydrous THF (90 ml) v^s cooled 
o 78 °C and thereto was added a solution of n-butyl lithium in hexane (1 .61 M. 42.5 ml) over a period of 20 ^tes 
The mixture was stirred for 10 minutes and was poured Into a saturated aqueous solution of ammonium chloride and 

ieJ *w hydrous sodium sulfate and the solvent was evaporated. The residue was punfied by column chroma- 
tography on silica gel to give the title compound (8.9 g) having the following physical data. 
TLC: Rf 0.50, 0.44 (ethyl acetate : hexane = 1:4). 

45 Reference example 10 

(3S)-4-(3-methoxymethylphenyt)-1-butyn-3-ol 

[0091] 
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[0092] The compound prepared in reference example 9 (8.9 g) was dissolved in dioxane (10 ml) and methanol (10 
ml), and to the mixture was added a 4N hydrochloric acid-dioxane (2 ml) at room temperature and the mixture was 
stirred for 1 hour. The reaction solution was diluted with water and the mixture was extracted with ethyl acetate. The 
organic layer was washed with a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution 
s of sodium chloride, dried over anhydrous sodium sulfate and the solvent was evaporated. The residue was purified by 
column chromatography on silica gel to give the title compound (5.6 g) having the following physical data. 
TLC: Rf 0.40 (ethyl acetate : hexane = 1:2). 

Reference example 11 

10 

(3S)-4-(3-methoxymethy1phenyl)-3-t-butyldimethyisilyloxy-1-butyne 
[0093] 

. 15 




[0094] To a solution of the compound prepared in reference example 10 (5.64 g) and imidazole (3.0 g) in DMF (30 
ml) was added t-butyldiethylsilyl chloride (5.3 g) and the mixture was stirred at room temperature overnight. The reaction 
mixture was poured into Water, and the mixture was extracted with ethyl acetate. The organic layer was washed with 
25 water and a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent 
was evaporated. The residue was purified by column chromatography on silica gel to give the title compound (7.82 g) 
having the following physical data. 
TLC: Rf 0.73 (ethyl acetate : hexane = 1:4); 

NMR(CDCI 3 ): 8 7.3-7.1 (m, 4H), 4.5-4.45 (m, 1H), 4.44 (s, 2H), 3.37 (s, 3H), 3.0-2.95 (m, 2H), 2.41 (d. J=2 Hz, 1H), 
30 0.83 (s, 9H), -0.02 (s, 3H), -0.08 (s, 3H). 

Reference example 12 

(3S)-1-iodo-4-(3-methoxymethylphenyl)-3-t-butyldlmethylsiiyloxy-1E-butene 

35 

[0095] 
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45 [0096] To a suspension of zirconocene chloride hydride (7.81 g) in anhydrous THF (15 ml) was added a solution of 
the compound prepared in reference example 11 (7.7 g) in THF (30 ml) dropwise at room temperature. The mixture 
was stirred for 45 minutes, cooled to 0 °C and thereto was added a solution of iodine (6.43 g) in THF dropwise. The 
mixture was stirred for 15 minutes at room temperature and thereto was added hexane. The obtained precipitate was 
filtered off and the filtrate was concentrated. The residue was purified by column chromatography on silica gel to give 

so the title compound (9.77 g) having the following physical data. 
TLC: Rf 0.61 (ethyl acetate : hexane = 1 : 9); 

NMR(CDCI 3 ): 6 7.3-7.05 (m. 4H), 6.56 (dd, J=15, 5 Hz, 1H), 6.19 (dd, J=15, 1 Hz, 1H). 4.43 (s. 2H), 4.3-4.15 (m. 1H), 
3.38 (s, 3H), 2.8-2.7 (m, 2H), 0.83 (s, 9H), -0.08 (s, 3H), -0.11 (s, 3H). 
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Reference example 12(1) 

(3S)-1-lodo-4-[3-(2-fluoroethyl) phenyt]-3-k-butyldjmethylsilyloxy.1E-butene 
5 [0097J 



10 




[0098] By the same procedures as described In reference example 2 - 12 using ^-fluomethylVbromobenzene, 
is the above compound was synthesized. 

Reference example 13 

(11«,15a)-9*xo-11.15-bls(|.^ 
20 acid methyl ester 

[0099] 
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TBSO 



roiOOl Under atmosphere of argon, to a solution of the compound synthesized In reference example 12 (1 27 ' g) in 

reduced pressure and the residue was purified by column chromatography on silica gel (hexane . ethyl acetate . 
1-*10 : 1) to give the title compound (1.05 g) having the following physical data. 
Description : pale yellow oil; 

(s t 3H), -0.13(3, 3H), -0.29 (s, 3H). 
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Example 1 

(1 1 a, 1 5a)-9-oxo- 11,1 5-dihydroxy- 1 6-(3-methdxymethylpheny1)-1 7,18, 1 9,20-tetranorprosM 3E-enoic add methyt 
ester 

5 

[0101] 



10 



15 




[01 02] To a solution of the compound synthesized in reference example 1 3 (1 .01 g) in acetonitrile (20 ml) were added 
20 pyridine (2 ml) and hydrofluoric acid - pyridine complex (4 ml> at 0 °C and the mixture was stirred for 3 hours at room 
temperature. The reaction mixture was added into cooled ethyl acetate - a saturated aqueous solution of sodium bi- 
carbonate and the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous 
solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride, and dried over anhydrous sodium 
sulfate. The solvent was evaporated under reduced pressure and the residue was purified by column chromatography 
25 on silica gel (hexane : ethyl acetate = 1 : 2-»1 : 4->ethyl acetate) to give the title compound (535 mg) having the 
following physical data. 
Description : pale yellow oil; 
TLC: Rf 0.55 (chloroform : methanol =9:1); 

NMR(CDCI 3 ): 8 7.28 (m, 1H), 7.23-7.10 (m, 3H), 5.72 (dd, J=15, 6.2 Hz, 1H), 5.51 (dd, J=15, 8.9 Hz, 1H). 4.48-4.35 
30 (m, 3H), 3.93 (m, 1H), 3.65 (s, 3H). 3.41 (s, 3H), 2.90 (dd, J=14, 5.3 Hz, 1H), 2.82 (dd, J=14. 7.1 Hz, IK), 2.68 (dd, 
J=18, 7.5 Hz, 1H). 2.32 (m. 1H), 2.29 (t, J=7.4 Hz, 2H), 2.20 (dd, J=18, 9.8 Hz, 1H), 1.96 (m. 1H), 1.66-1.16 (m. 10H). 

Example 1 (1) 

35 (1 1 a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-ethoxymethylphenyl)-1 7,18,1 9,20-tetranorprost-5Z, 1 3E-dienoic add methyl 
ester 

[0103] 
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50 

[01 04] By the same procedures as described in reference examples 1-13 and example 1 , the title compound having 
the following physical data was obtained. TLC: Rf 0.30 (ethyl acetate): 

NMR(CDCI 3 ): 5 7.33-7.06 (4H, m). 5.67 (1H. dd, J-15.4 Hz, 6.6 Hz), 5.57-5.18 (3H, m), 4.45 (2H, s). 4.40-4.24 (1H, 
m), 4.02-3.83 (1H, m), 3.83-3.70 (1H, br), 3.65 (3H, s), 3.57 (2H, q, J=7.0 Hz). 2.94-2.58 (4H, m). 2.45-1.56 (9H, m), 
55 1.75-1.54 (2H, m), 1.25 (3H, t, J=7.0 Hz). 
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Example 2 

(11 a,15 a)-9K>x^11,15-dihydro>^ add 
5 [0105] 
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15 



COOH 
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[01 06] To a solution of the compound synthesized In example 1 (320 mg) In ethanol (2.5 ml) was added phosphate 
buffer (pH 8 0 2.5 ml) and porcine liver esterase (200 + 200 jil) and the mixture was stirred for 4 hours at room 
temperature The reaction solution was acidified by adding a saturated aqueous solution of ammonium sulfate and a 
1 N hydrochloric acid and the mixture was extracted with ethyl acetate. The organic layer was washed with water and 
a saturated aqueous solution of sodium chloride and dried over anhydrous sodium sulfate. The solvent was evaporated 
under reduced pressure and the residue was purified by column chromatography on silica gel (chloroform-chloroform : 
methanol = 30 : 1-»15 : 1) to give the title compound (275 mg) having the following physical data. 
Description : colorless oil; 

TLC: Rf 0.43 (chloroform : methanol = 9:1); ... iiaom 

NMR(CDCU: 5 7.31-7.09 <m, 4H), 5.73 (dd, J=15, 6.2 Hz, 1H), 5.52 (dd, J-15, 8.9 Hz, 1H), 4.49-4.34 (m, 3H) 3 93 
|m IH) 3 50 (br, 3H), 3.41 (s, 3H). 2.88 (dd. J-14. 5.4 Hz, IH). 2.82 (dd, J-14, 7.4 Hz. 1H), 2.68 (ddd. J=18, 7.4, 0.9 
Hz', 1H), 2'.32 (m, 1H), 2.31 (t, J=7.4 Hz,.2H), 2.20 (dd. J=18, 9.8 Hz. 1H). 1.96 (m, 1H). 1.68-1.18 (m, 10H). 

Example 2 (1) - 2 (15) 

[01 07] By the same procedure as described in reference examples 1 - 1 3 and examples 1 and 2, the title compounds 
having the following physical data were obtained. 

Example 2(1) 

(11a.15a)-9-oxo-11,15-d^ acid 



40 [0108] 



45 



50 



COOH 




55 



6 3 Hz) 4.37 (1H, m), 4.17 (3H, br). 3.98 <1H, m). 2.98 (2H. dt, J-25. 6.3 Hz). 2.82 (2H, m). 2.70 (1H, dd. J-19, 7.4 
Hz)2.32 (3H. m), 2.19 (1H. dd. J=19, 9.9 Hz), 1.96 (1H, m). 1.72-1.13 (10H. m). 
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Example 2 (2) 

(11a,15a)-9-ox(>11 > 15-dihydroxy06^3-(2-ethdxyethyl)phenyl)-17 l 18, 19,20-tetranorprost-13E-enoic acid 
[0109] 




TLC: Rf 0.36 (ethyl acetate : acetic acid = 50 : 1 ); 

NMR(CDCl3): 5 7.25-7.01 (m, 4H), 5.74 (dd, J=15.4, 6.2 Hz, 1H), 5.54 (dd, J=15.4, 8.8 Hz, 1H), 4.4^4.32 (m, 1H), 
4.06-3.88 (m, 1H), 3.66 (t, J=7.2 Hz, 2H), 3.52 (q. J=7.0 Hz, 2H), 3.40-3.00 (br, 3H), 2.95-2.60 (m, 5H), 2.43-2.11 (m, 
4H). 2.07-1.89 (m, 1H), 1.72-1.24 (m, 10H), 1.19 (t, J=7.0 Hz; 3H). 

Example 2 (3) 

(11 ct,15 a)-9-oxc-11,15-dihydroxy-16-(3-emox^ acid 
[0110] 




TLC: Rf 0.31 (ethyl acetate : acetic acid * 50 : 1); 

NMR(CDCI 3 ): 5 7.33-7.06 (4H, m), 5.70 (1H, dd, J=15.3 Hz, 6.6 Hz), 5.48 (1H, dd, J=15.3 Hz, 8.4 Hz), 5.30-4.60 (3H, 
br), 4.46 (2H, s), 4.42-4.28 (1H. m). 4.00-3.82 (1H, m), 3.57 (2H, q, J=7.0 Hz), 2.94-2.58 (3H, m), 2.42-2.08 (4H, m). 
2.04-1.86 (1H, m), 1.72-1.14 {13H, m). 

Example 2 (4) 

(11 a,15 a)-9-oxG-11,15-dihydroxy-16-(3-me acid 
[0111] 
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TLC nn^B^Te SfE* 5) l»<* >«, 6 Hz, 1H), 5.46 (dd, J-16. 8 Hz. 1* 4.3-4.15 
SS SKS!: 6 * % * 2H). 2.4-2, » 1H), 2,8 ft J= 7 Hz, 2H), 2,4 (, 

3H), 2.2-1.9 (m, 2H), 1.7-1.2 (m. 10H). 

Example 2 (5) 

(1 ,«.1S«).9^11.1Wh^ 
13E-enolc acid 

[01121 



15 



20 



COOH 




25 TLC: Rf 0.40 (chlorofomi : methanol » 9 : 1); . s g0 (d4 J=15 8 4 

(5 SHI 2.34 (m. IH). 2.24 «tt J-H. H» W 2-"-<« 3H >' 
30 Example 2 (6) 

(1lojte)-9«o.1U 

2,3,4,5,17,18,1 9,20-octanorprost-1 3E-enoic acid 



35 [01131 




50 



55 



TLC: Rf 0.39 (chloroform : methanol =9:1); . 48 ( .. J=15 8 6 

2.35 (m. 1H), 2.25 (dd. J-19. 9.8 Hz. 1H). 2.05-1.62 (m, 3H). 1.20 (t, J-7.2 Hz. 3H). 
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Example 2 (7) 

(11a,15a)-9-oxo-11,15-dihydroxy-1 e-ta-methyM-hydroxyphenyl^I.e^l^-phenylene) - 
2,3,4,5, 1 7, 1 8, 1 9,20-octanorprosM 3E-enoic acid 



[0114] 




COOH 



HO 



OH 



TLC: Rf 0.26 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 7.90 (d, J=8 Hz, 2H), 7.15 (d, J=8 Hz, 2H), 6.89 (s, 1H), 6.82 (d, J=8 Hz, 1H), 6.59 (d, J=8 Hz, 1H), 
5 62 (dd J-1S. 7 Hz, 1H), 5.42 (dd, J«15 t 9 Hz, 1H), 4.22 (q, J=8 Hz, 1H). 3.96 (q, J=8 Hz, 1H), 2.81 (dd. >14. 6 Hz, 
1H), 2.7-2.55 (m, 4H), 2.4-2.3 (m, 1H), 2.10 (dd, J=18, 8 Hz. 1H), 2.08 (s, 3H), 2.0-1.9 (m, 1H), 1.9-1.7 (m, 1H), 1.8-1.6 
(rn/lH). 

Example 2 (8) 

(1 1 a, 1 5a)-9-oxo- 11,1 5-dihydroxy- 1 6-(3-methoxymethylphenyt)-1 ,6-(1 , 4-pheny!ene)- 
2,3,4,5,17,18.19,20-octanorprosM3E-enoic acid 

[0115] 



TLC- Rf 0.18 (chloroform : methanol: acetic acid = 40 : 2 : 1); 

NMR(CDCI 3 ): 5 7.98 (d, J=8 Hz, 2H), 7.3-7.1 <m, 6H), 5.72 (dd, J=16, 6 Hz. 1H), 5.42 (dd, J-1B, 9 Hz, 1H), 4.5-4.3 
(m, 3H), 4.0-3.8 (m, 1H), 3.41 (s, 3H), 2.9-2.6 (m, 5H), 2.4-2.1 (m, 2H), 2.0-1.6 (m, 3H). 
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Example 2 (9) 

<11a,15a)-9-oxo-11.15.d^^ 
5 [01161 



10 



15 




U^W^VWhXwH, m?5.71 (1H. dd, >15. 6.2 Hz). 5.56 <1H. dd. J-15, 8.2 Hz), 5.38 (2H, m). 
» ? 6= K2r f ^47 Hz) OH m), £« <3H. br), 3.98 (1H m). 2.98 (2H, d«, W 6.3 Hz). 2.83 (2H. m). 2.70 
(1H, dd, J=18, 7.3 Hz). 2.45-1.95 (9H, m). 1.68 (2H, m). 

Example 2 (10) 

25 (11 o,15 aJ-g-oxMLIS-dihydrnxy-l 6.[3.(2- e thoxy9thyl)pheny)M7,18,19,20-tetranofprost-5Z, 13E-dlenoicacid 
[0117] 



39 



35 



COOH 




40 



45 



TLC: Rf 0.43 (chloroform : methanol = 9:1); w . 

NMWDCU: » 7.23 (n, 1H). 7.07 (m. 3H). 5.71 (dd >« U . J J» (dd, Ml 7JJ Hz H) UB H) 

d 43 br 3H) 4 41 (m 1H), 3.95 (m. 1H), 3.66 t J=7.2 Hz, 2H). 3.52 (q, J=7.1 Hz, 2H), 2.86 (t, J-7.2 mz, w 
(nlH), 2.69 (dd, 3=18, 7.6 Hz, 1H). 2.4H.94 (m, 9H), 1.67 (m. 2H), 1.19 (t, J-7.1 Hz. 3H). 



50 



55 
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Example 2 (11) 



(1 1 a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-ethoxymethylphenyl)-17, 1 8, 1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 



5 



[0118] 



0 



to 



HO 




TLC: Rf 0.35 (ethyl acetate : acetic add ■ 50 : 1); 

NMR(CDCIa): 6 7.34-7.08 (4H, m), 5.69 (1H, dd, J»15.4 Hz, 6.2 Hz), 5.50 (1H. dd, J=15.4 Hz, 8.0 Hz), 5.43-5.26 (2H, 
20 m), 5.26-4.70 (3H, br), 4.46 (2H, s), 4.45-4.34 (1H, m), 4.00-3.82 (1H, m), 3.58 (2H, q, J=7.0 Hz), 2.84 (2H. d, J=6.2 
Hz), 2.78-2.58 (1H, m). 2.46-1.94 (9H, m), 1.78-1.53 (2H, m), 1.24 (3H, t, J=7.0 Hz). 

Example 2 (12) 

25 (1 5a)-9-oxo- 1 5-hydroxy-1 6^3-ethoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranorprost-5Z,1 3E-dienoic acid 
[0119] 



40 TLC: Rf 0.45 (chloroform : methanol =» 19 : 1); 

NMRfCDCy: 6 7.34-7.11 (m, 4H). 5.72 (dd, J=15.6. 6.3 Hz, 1H), 5.68-5.60 (m, 1H) r 5.52-5.32 (m, 2H), 4.50 (s, 2H), 
4.48-4.40 (m, 1H), 3.58 (q, J=6.9 Hz, 2H), 3.10-2.90 (m, 4H), 2.54-1.86 (m, 10H), 1.78-1.50 (m, 4H), 1.25(t,J=6.9 Hz, 
3H). 



30 



0 



35 




45 



50 



55 
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Example 2 (13) 
(11a j 5^X0-11,1^ 
5 [0120] 



10 



15 



COOH 




!h), 6.63 (d. M Hz, 1H), 5.61 (dd, >15, 6 Hz, 1H>, 5,8 (dd J ; 15 8 
2 o 4 23 (q J*6 HZ. 1*. 4.00 (q. « Hz. 1 H), 2.78 (dd. J=18, 6Hz, 1H), 2.7-2.5 (m. 2H). 2.4-2.2 

(m! 4H). 2.14 (s, 3H), 2.2-2.0 (m, 5H), 1.8-1.6 (m, 2H). 

Example 2 (14) 

25 ( 11a ,15a>9-oxo.11,15^yd^^^ 

[0121J 



30 



COOH 




(9H,m), 1.67 (2H,m). 



45 



50 



55 



54 
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Example 2 (15) 



(15a)-9-oxo-15-hydroxy-16-(3-methoxymethy^^ 



5 



[0122] 



10 



15 




TLC: Rf 0.27 (ethyl acetate); 

NMR(CDCl 3 ): 6 7.35-7.10 (m. 4H), 5.90-5.54 (m, 3H), 5.48-5.30 (m, 2H). 4.44 (s t 2H). 4.43-4.33 (m, 1H), 3.40 (s. 3H), 
20 2.95-2.74 (m, 2H), 2.58-1.84 (m, 11H), 1.78-1.42 (m, 4H). 

Reference example 14 

(Z)-7-[(1R,2S,3R,5R)-5-chioro-2-hydroxy^ 
25 ester 



[01 24] To a solution of methyl (Z)-7-[(1 R f 2S.3R,5R)-5-hydroxy-2-(1-methyl-1-methoxy) ethoxymethyl-3-(2-tetrahy- 
dropyranyloxy)cyclopentan.1-yl)-5-heptenoate (50.0 g) and triethylamine (48.8 ml) In methylene chloride (250 ml) was 

40 added mesyl chloride (13.6 mi) in methylene chloride (50 ml) at 0 °C dropwise and the mixture was stirred for 1 hour 
at the same condition. To this solution was added water (200 ml) and the mixture was extracted with ethyl acetate 
twice. The organic layer was washed with water and a saturated aqueous solution of sodium chloride, dried over 
anhydrous magnesium sulfate and concentrated to give a crude compound (mesyl compound). 
[01 25J To a solution of thus obtained mesyl compound In toluene (600 ml) was added tetrabutytammonium chioride 

45 (48.6 g) and potassium carbonate (48.3 g) and the mixture was stirred for 4 hours at 60 °C. The mixture was allowed 
to cool to 20 °C and to this solution was added water (300 ml) and the mixture was extracted with ethyl acetate (600 
mi + 400 ml). The organic layer was washed with water and a saturated aqueous solution of sodium chloride, dried 
over anhydrous sulfate, concentrated to give the crude compound (chioro compound, 52 g). 
[0126] To a solution of thus obtained chioro compound in tetrahydrofuran (250 ml) was added a 0.2 N hydrochloric 

so acid (1 00 ml) at -5 °C dropwise over a period of 1 hour and the mixture was stirred for 3 hours at the same condition. 
To the mixture was added a 1 N hydrochloric acid (10 ml) dropwise and the mixture was stirred for 1 hour. To this 
solution was added a saturated aqueous solution of sodium bicarbonate (300 ml) and the mixture was extracted with 
ethyl acetate (400 ml + 300 ml). The organic layer was washed with water and a saturated aqueous solution of sodium 
chloride, dried over anhydrous magnesium sulfate and concentrated. The residue was purified by column chromatog- 

55 raphy on silica gel (hexane : ethyl acetate = 3 : 1 ) to give the title compound ( 1 6.5 g) having the following physical data. 
TLC: Rf 0.41 (hexane : ethyl acetate = 1:1, HPTLC); 

NMRfCDCIJ: 5 5.45-5.30 (m, 2H), 4.64-4.48 (m, 1H), 4.30-3.68 (m, 4H), 3.60 (s, 3H), 3.56-3.40 (m. 2H). 2.4-1.4 (m). 



[0123] 



30 




THPO 



55 
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Reference example 15 

(Z)-7-[( 1 R,2R.3R,5R)-5-chloro-2-fomi^ 

[0127J 




T CHO 



THPO 



[0128] To a solution of the compound synthesized In reference example 14 (17.0 g) In dlme^y sulfoxide (300 ml) 
was added triethylamlne (30 ml). To the mixture was added sulfur trfoxide-pyridlne complex (21.7 g)ln water batK The 
mixture was stirred for 30 minutes at room temperature. To this solution was added water and the mixfcirawas extracted 
with ethyl acetate. The organic layer was washed with water and a saturated aqueous solution of sodium chloride, 
dried over anhydrous magnesium sulfate and concentrated. The residue was purified by column chromatography on 
silica gel (hexane : ethyl acetate = 4 : 1) to give the title compound (15.9 g) having the following phyacal data. 

SdSJ wttiSXSSS. S-5.30 (2H, m), 4.66-4.50 (2H. m, 4,2-3.98 (1H. m), 3.90-3.72 
5 J S (3H, s). 3.66-3.40 (1H. m). 2.80-2.00 (8H. m). 2.33 (2H. t, J-7.5 Hz). 1.90-1.40 (8H, m). 

Reference example 16 

3-[3-melhoxyrnethyl-4-(2-tetrahydropyranylyoxy) phenyl]-2-oxopropylphosphonlc acid dimethyl 
[0130] 



MeO. 



^OTHP 



[0131] The mixture of methyl phosphonlc acid dimethyl (1.2 ml) and anhydrous tetrahydrofuran (10 ml) was , coded 
o -70 °C and thereto was added n-butyl lithium (6.7 ml, 1.54 M solution in hexane) over a period ofl *™^J» 
Internal temperature kept under -65 -C. Thus obtained pale yellow solution was stirred for another 1 hour and (hereto 
was added a solution of 3.methoxymethyl4.(2-tetrahydropvranvloxy)phenylacetic acid methyl ester (15 g) hanhy- 
drouste^hydmfuran (5ml) drowse overaperiod of 35mlnutes. The mixture^ 

was terminated by adding acetic acid (0.66 ml) and the mixture was allowed to warm to room tempera ure To the 
SSS water and separated into two layers. The aqueous layer was extracted with ethyl aceUte twfce; and 
me organic layer was washed with a saturated aqueous solution of sodium chloride dned over anhydrous « sodtam 
suHate concentrated to give the crude compound. The crude compound was purified by column chromatography on 
sHica geHhexane : ethyl acetate = 1:1- ethyl acetate-ethyl acetate : methanol - 20 : 1) to give the H. compound 
(1.3 g) having the following physical data. 
Description : pale yellow oil; 

TEJwwEwt* w s- 5 - 54 < m - 1H) ' 451 (s - 2H) ' 4 -°- 38 (m - 1H) - 382 (9 ' 2H) ' 381 (5, 3H) - 376 <Sl 

3H), 3.7-3.5 (m, 1H). 3.43 (s. 3H), 3.05 (d. J=23 Hz, 2H), 2.1-1.5 (m, 6H). 
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Reference example 17 

(9B,11a)-9<hloro-11-(2-tetrahydropyra^ 
17,'l8,19,20-tetranorprost-5Z,13E-dienoic acid methyl ester 

[0132] 



10 



is 



COOMe 




THPO 



r0133l The compound synthesized in reference example 16 (233 mg) was dissolved in tetrahydrofuran (5 ml) and 
20 hereto was added sodium hydride (IB mg) at 0 >C and the mixture was stirred for 20 minutes. To this solution was 
added a solution of the compound synthesized In reference example 15 (150 mg) in tetrahydrofuran (1.5 ml) dropw.se 
and the mixture was stirred for 2 hours. The reaction solution was cooled to 0 °C and thereto was added acetic acid 
(0 051 ml) The mixture was stirred and extracted with water and hexane. and the organic layer was washed with water 
and a saturated aqueous solution of sodium chloride successively, and dried over anhydrous sodium sulfate. The 
25 aqueous layer was extracted with hexane and the organic layer was washed with water and a saturated aqueous 
button of sodium chloride, dried over anhydrous sodium sulfate and combined with the former organic layer and the 
Sure was concentrated under reduced pressure. The crude compound was punfled by co^mn chromatography on 
Tea gel (hexane : ethyl acetate = 9 : 1-4 : 1-3 : 1) to give the title compound (215 mg) having the followmg phys.cal 
data: 

30 S f D°a)T7 X S (s 2H 2 ). : 6 1) 91-6.76 (m, 1H). 6.19 (t, J-1M Hz. 1H). 5.50-5.25 (m, 3H), 4.6^.42 (m. 

!h ) 4 23 3m £?S5 4.06-3 .94 (m. 1H>, 3.92-3.70 (m. 3H), 3.66 (s, 3H), 3,66-3.54 (m. 2H), 3.43 (s, 3H). 3.40-3.30 
(m, 1H), 2.50-1.38 (m, 24H). 

35 Reference example 18 

(9B 11a 15$)-9-chloro.11-(2-terjahyd ro pyra 
phenyll-17.18.19,20-tetranorprost-5Z.13E-dlenolc acid methyl ester 

AO [0134] 



AS 



so 



COOMe 




THPO 



r01351 The compound synthesized in reference example 17 (210 mg) was dissolved in tetrahydroftjren (2 mi) and 
hlreto was addTd (R).2-meth y i-CBS-oxazaborolldlne (0.066 ml. 1.0 M solution in toluene) was added at 0 «C and 
mere o wa added Erohjride (1 M solution In tetrahydrofuran. 0.23 ml) dropwise. The mixture was sOrred fo 20 
?nulTo the re«Hon solution was added methanol (0.5 mi), and the mixture was extracted with a N hydrochlonc 
I SdTnd ethyTa cete The organic layer was washed with a saturated aqueous soiution of sodium bicarbonate, water 
nd a saSed aqueous sdudon of sodium chioride, dried over anhydrous sodium sulfate, and the m.xrure was com- 
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bined with the former organic layer and the mixture was concentrated under reduced pressure. The 

was purified by column chromatography on silica gel (hexane : ethyl acetate = 4: 1->3: 1-2 : 1) to grve the btle 

compound (145 mg, more polar isomer at 15-pos!tton) having the following physical data. 

Description : colorless oil; 

5 HmS^T^m^l 2^.66-5.58 (m, 2H). 5.42-5.34 (m. 3H), 4.684.54 (m, 1H), 4.52 (s, 2H). 
!.S 1H) 4 !lM 78 <m 4H), 3.67 (s. 3H), 3.67-3.55 (m, 1H). 3.54-3.40 (m. 1H), 3.44 (s. 3H), 2.84-2.66 (m. 
2H), 2.40-1.20 (m,25H). 

to Example 3 

( 9 p,11a,15S)-9-<*loro-11,15-dihydroxy-16-(3-mem 
dlenolc acid methyl ester 

is [0136] 



20 



25 



COOMe 




[01 371 The compound synthesized in reference example 1 8 (142 mg) was dissolved In methanol (2 ml) and thweto 
was added p-toluenesulfonlc acid (1 0 mg) and the mixture was sttrred for 1 hour at room temperature. To Ihte reacdon 
5£r was added water and a saturated aqueous solution of sodium chloride and the . 
30 eZ acetate The organic layer was washed with a saturated aqueous solution of sodium chloride and dried over 
anrTydroufs^ 

was washed with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and combined 
wHhTe former < rga'te layer and the mixture was concentrated under reduced pressure. The crude compound was 
M fl r d b^ur^roma" ography on silica gel (hexane : ethyl acetate = 1 : 1-1 : 2) to gWe the dtte compound (97 
35 mg) having the following physical data. 
Description : colorless oil; 

JtSSSS l^sTHi 7S£ J=24. 8.4 Hz, 1H). 6.87 (d. J-2.4 Hz, 1H), 6.82 (d, J=8.4 Hz, 1H). 5.62 (dd. 
;S SffiwaC 3H 4.62 S. 2H), 4.36-4.25 (m, 1H). 4.33-3.96 (m 2H) 3 ..67 (J , 3H), 3.45 (s. 3H). 
40 2.78 (dd J-S.4. 13.5 Hz, 1H), 2.70 (dd, J-7.5. 13.5 Hz, 1H), 2.37-1.90 (m, 12H). 1.75-1.63 (m, 2H). 

Example 4 

(gp^1a.159-9<hlorc^ 
45 dienoic acid 

[0138] 




58 



t 



EP 1114 816 A1 

[0139] The compound synthesized In example 3 (81 mg) was dissolved in methanol (2 ml) and thereto was added 
a 2N aqueous solution of sodium hydroxide, (1 ml) and the mixture was stirred for 2 hours at room temperature. To this 
reaction solution was added a 1 N hydrochloric acid (2.2 ml) and thereto was added water and ethyl acetate, the organic 
iayerwas washed with water and a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate. 

5 On the other hand, the aqueous layer was extracted with ethyl acetate and the organic layer was washed with water 
and a aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and combined with the former organic 
layer and the mixture was concentrated under reduced pressure. The crude compound was purified by column chro- 
matography on silica gel (chloroform : methanol = 20 : 1->10 : 1) to give the title compound (73 mg) having the following 
physical data. 

10 Description: colorless oil; 
more polar: 

TLC: Rf 0.57 (chloroform : methanol = 9:1); 

NMRJCDCIa): 5 7.02 (dd, J=1.8, 8.4 Hz, 1H), 6.87 (d. J=1.8 Hz, 1H), 6.80 (d, J=8.4 Hz, 1H), 5.58 (dd, J=6.0. 15.6 Hz, 
1H), 5.53-5.35 (m, 3H), 4.60 (s, 2H), 4.34-4.24 (m, 1H), 4.10-3.96 (m, 2H), 3.44 (s, 3H), 2.80-2.66 (m. 2H), 2.40-1.85 
is (m.'lOH). 1.77-1.60 (m,2H). 

Example 4 <1)-4 (12) 

[0140J By the same procedures as described in reference example 14-1B and example 3 and 4, the title compounds 
20 having the following physical data were obtained. 

Example 4(1) 

(9 p, 1 1 a, 1 5t>9-chlorc-1 1 , 1 
25 dienoic acid 

[0141] 




40 more polar: 

TLC: Rf 0.43 (chloroform : methanol = 9:1); 

NMR(CDCy 5 8.60-8.00 (or, 1H) ( 6.97 (dd, J=2.1, 8.1 Hz, 1H). 6.90-6.82 (m, 2H), 5.61 (dd, J=6.0, 16.2 Hz, 1H), 
5 55-5 35 (m, 3H), 4.35-4.25 (m, 1H), 4.20-3.98 (m, 2H), 3.72 (t, J=4.8 Hz, 2H), 3,56 (q, J=7.2 Hz, 2H), 2.85 (t. J=5.4 
Hz, 2H), 2.77 (dd, J=5.4, 13.2 Hz, 1H), 2.69 (dd, J=7.8, 13.2 Hz, 1H), 2.40-1.85 (m, 10H), 1.80-1.60 (m. 2H), 1.24 (t, 
45 J=7.2 Hz, 3H). ' 



so 
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Example 4 (2) 

(90, 1 1 a, 1 5$)-9-chloro-1 1 , 1 5-dihydroxy- 1 6-(3-emyl-4-hydroxyphenyt)-1 7,18,1 9 ( 20-tetranorprost-5Z, 1 3E-dienoic add 
[01421 



COOH 




more polar 

TLC: Rf 0.36 (chloroform : methanol = 9:1); 

NMWCDCW 6 6 96 (d, J=2.2 Hz, 1H), 6.88 (dd, J=8.0, 2.2 Hz, 1H), 6.68 (d, J=8.0 Hz, 1H), 5.62 (dd, J=15, 5,4 Hz, 
1H), 5.59-5 35 (m, 3H), 4.37 (m, 1H), 4.17-3.95 (m. 2H), 2.78 (m, 2H), 2.61 (q, J=7.5 Hz, 2H), 2.45 (br, 4H), 2.42-1.86 
(m, 10H). 1.71 (m, 2H), 1.22 (t, J=7.5 Hz, 3H). 

Example 4 (3) 

(9pj1a t 15fr9<hloro-11,15-dity^ 
[0143] 



COOH 




less polar: 

TLC: Rf 0.26 (chloroform : methanol = 9:1); 

NMR(CDCU+CD a OD): 5 7.3-7.1 (m, 4H), 5.56 (dd, J=15, 7 Hz. 1H), 5.5-5.4 (m, 2H). 5.29 (dd, J=15, 8 Hz, 1H), 4.62 
(s, 2H). 4.28 ?(q>7 Hz, 1H), 4.05-3.95 (m, 1H), 3.84 (q, J=8 Hz, 1 H), 2.94 (dd,J=13,6Hz, 1H),2.79(dd,>13,7Hz, 1H), 
2.7-2.2 (br), 2.4-1.8 (m, 10H), 1.8-1.6 (m, 2H). 
more polar: 

TLC: Rf 0.24 (chloroform : methanol = 9:1); 

NMR(CDCI 3 +CD 3 OD): 5 7.3-7.1 (m, 4H), 5.59 (dd, J=15. 6 Hz, 1H), 5.5-5.35 (m. 3H), 4.62 (s, 2H), 4.34 (q, J=6 Hz. 
1H), 4.05-3.95 (m, 2H), 2.85 (d, J=6 Hz, 2H), 2.8-2.3 (br), 2.4-1.8 (m, 10H), 1.8-1.6 (m, 2H). 
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Example 4 (4) 

(9pj1aJ5fr9^loro-11,15-dlhydrox 
acid 

[0144] 




more polar 

TLC: Rf 0.44 {chloroform : methanol ■ 10 : 1); 

NMRfCDCIJ' 5 7.28-7.01 (m, 4H), 5.62 (dd, J=15.3, 5.7 Hz, 1H), 5.58-5.36 (m, 3H), 4.43-4.30 (m, 1H), 4.10-3.98 (m, 
2H), 3.70-3.52 (m, 3H). 3.50-3.00 (br, 3H), 2.92-2.74 (m, 4H), 2.43-1.84 (m, 10H), 1.80-1.60 (m, 2H), 1.15 (d, J=6.0 
HZ.6H). 

Example 4 (5) 

(9P, 1 1 a, 1 5Q-9-chloro-1 1 .1 5-dihydroxy-1 6-(3-isopropyloxymethylphenyl)-17J8J9.20-tetranorprost-5Z,13E-dienoic 
acid 

[0145] 




more polar: 

TLC: Rf 0.34 (chloroform : methanol = 10:1); . , „ 

NMWCDCIO- 8 7.35-7.08 (m, 4H), 5.65 (dd, J-15.6, 5.2 Hz, 1 H), 5.59-5.35 (m, 3H), 4.48 (s, 2H). 4.47-4.37 (m, 1H), 
4.12-3.92 (m. 2H), 3.73 (sep, J=5.8 Hz, 1H), 2.91 (dd, J-13.4, 5.6 Hz. 1H), 2.81 (dd, J-13.4. 7.0 Hz, 1H), 2.74-1.82 
(m, 13H), 1.82-1.54 (m, 2H), 1.23 (d, J=5.8 Hz, 6H). 
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Example 4 (6) 

(9 p,1lo.15^hlor«,11,^ 
dienoic acid 

[0146] 



10 



15 



COOH 




20 



25 



more polar: 

TLC: Rf 0.37 (f «° 7 ^^f^ " J/ 1 * (s 1H) 5. 64 (d d, J*7, 15.6 Hz, 1H), 5.56-5.38 (m, 3H). 4.41 (s, 2H), 
2H). 

Example 4 (7) 
[0147] 




more polar 



TLC: Rf 0.31 (chloroform : methanol = 10 : 1): M , 3m 4 44 _ 4 28 (m, 1H). 4.28-4.12 (or, 



50 



55 
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Example 4 (8) 

(9p, 1 1 a, 1 5$)-9-chloro-1 1 , 1 5-dihydroxy-1 e-p-propyM-hydroxyphenytVITJS.IQ^O-tetranorprast-S^iaEHdienoicadd 
[0148] 




more polar 

TLC: Rf 0.29 (chloroform : methanol = 9:1); 

NMRfCDCIa): 5 6.95 (d, J=2. 1 Hz, 1 H), 6.89 (dd, J=2. 1 , 8.4 Hz, 1 H), 6. 69 (d, J=8.4 Hz, 1 H), 5.70-5.38 (m, 4H), 4.42-4.30 
(m, 1H), 4.17-4.00 (m. 2H), 2.86-2.68 (m, 2H), 2.55 (t, J=7.5 Hz, 2H), 2.40-1.85 (m, 10H), 1.85-1.50 (m, 4H), 0.97 (t, 
J=7.2 Hz, 3H). 

Example 4 (9) 

(90, 1 1a, 15cJ-9-chloro-1 1 ,1 5-dihydroxy-1 6-[3-(2-propyloxyethyl)phenyl]-17, 1 8, 1 9,20-tetranorprost-5Z, 1 3E-dlenoic 
acid 

[0149] 




more polar 

TLC: Rf 0.45 (chloroform : methanol = 10:1); 

NMR(CDCI 3 ): 8 7.30-7.00 (m, 4H), 5.63 (dd, J=15.4, 5.4 Hz, 1H), 5.57-5.35 (m, 3H), 4.45-4.30 (m, 1H), 4.13-3.96 (m, 
2H), 3.96-3.00 (br, 3H), 3.64 (t, J=7.1 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.94-2.70 (m, 4H), 2.40-1.82 (m, 10H), 1.82-1.48 
(m,4H), 0.89 (t, J=7.3 Hz, 3H). 
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Example 4 (10) 
(9P,11a,15$)-9^ 

[0150J 



10 



15 




20 



25 



30 



35 



more polar: 

0.94 (t, J=7.4 Hz, 3H), 
Example 4 (11) 
(9 p ( 11a,159-9^^ 
[0151] 



COOH 




40 



more polar 



45 Hz, 1H), 2.4-1.8 (m, 12H), 
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Example 4 (12) 



(90, 1 1 a, 1 55)-9-fluoro- 11,1 5-dihydroxy- 1 6-{3-propyloxymethylphenyl)- 17,18,1 9,20-tetranorprost-5Z, 1 3 E-dienoic acid 



[0152] 




F 



more polar 

TLC: Rf 0.67 (chloroform : methanol * 9 : 1); 

NMRCCDCy: 5 7.36-7.08 (m, 4H), 5.65 (dd, J=15, 5.4 Hz, 1H), 5.57-5.33 (m, 3H), 4,78 (m, 1H), 4.48 (s, 2H), 4.43 (m, 
1H), 3.98 (m ( 1H), 3.51 (br, 3H), 3.47 (t, J=6.B Hz, 2H), 2.87 (m, 2H), 2.40-1.54 (m, 14H), 0.94 (t, J=7.5 Hz, 3H). 

Reference Example 19 

(9a, 11 a)-9-acetyloxy-1 1-(2-tetrahydropyranyloxy)-1 5-oxo-1 6-(3-methoxymethylphenyl)-1 7,18,1 9,20-tetranorprost- 
13E-enolc acid methyl ester 



[01 54] Under atmosphere of argon, to a solution of 3-{3-methoxymethylphenyl)-2-oxopropylphosphonlc add dimethyl 
(172 mg) in anhydrous tetrahydrofuran (10 ml) was added sodium hydride (62.5%, 22 mg) and the obtained white 
suspension was stirred for45 minutes. Thereto was added a solution of methyl 7-[(1 R,2R,3R,5S)-5-acety1oxy-2-forrnyl- 
3-(2-tetrahydropyranyloxy) cyclopentan-1-yl]heptanoate (200 mg) in anhydrous tetrahydrofuran (6 ml) and the mixture 
was stirred for 20 hours. The reaction was quenched by adding acetic acid at 0 °C and the mixture was poured into 
water. The reaction mixture was extracted with ethyl acetate and the organic layer was washed with a saturated aqueou s 
solution of sodium chloride, dried over anhydrous sodium sulfate and concentrated. The residue was purified by column 
chromatography on silica gel (hexane : ethyl acetate = 3 : 1-*2 : 1) to give the title compound having the following 
physical data (209 mg). 
Description : yellow oil; 
TLC: Rf 0.29 (hexane : ethyl acetate = 2 : 1); 



NMR(CDCI 3 ): 5 7.40-7.10 (m, 4H), 6.78 (m, 1H). 6.25 (m, 1H) ( 5.11 (m, 1H), 4.47 (m. 1H). 4.44 (s, 2H), 4.20-3.20 (m, 
3H), 3.84 (s, 2H), 3.66 (s, 3H), 3.39 (s, 3H), 2.77-2.32 (m, 2H), 2.29 (t, J=7.6 Hz, 2H), 2.05 (s, 3H), 1.89-1.02 (m, 18H). 



[0153] 



AcQ 




THPO 
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Reference Example 20 

( 9o£ j1a,15a).9-acetylo^ 
U.IS.I^O-tetranorprost-iaE-enoic acid methyl ester 

[0155] 




5ST52^dSS51 anhydrous sodium sulfate and the sorven. was evaporated The ^i^e waspurffledby 
co. u r*rornatogm P hy on silica gel (hexane : ethyl acetate - 3 : 2-* 1 : 2) to give the M. compound (1 64 mg. more 
polar isomer at 15-position) having the following physical data. 
Description : colorless oil ; 

1.98-1.02 (m, 18H). 

Reference Example 21 

( 9o,l1aJ5a)-9-hydroxy-1U 
1 3E-enolc acid 



[0157| 




101 581 Under atmosphere of argon, to a solution of the compound synthesized In reference example » (173 mgMn 
anhvdrous me hylena chloride (2 ml) was added dlhydropyran (42 ml) and pyridinium p-tosyla e (7.8 mg) and the 
Sre^s s«redove^lght. The reaction mixture was exacted with ethyl acetate and the organic layer was washed 
SSSS solution of sodium chloride, dried over anhydrous sodium suifate and tt» solvent was evap- 
SedtS 

In aSeous solu^on of sodium hydroxide (2 ml) and the mixture was stirred for 2 hours, The reaction i solutton was 
adled b! adding a 1 N aqueous solution of ammonium chloride at 0 -C and the mixture was extracted with at* 
acetofe Tne ojatlc layer was washed with water twice and a saturated aqueous solution of sodium chloride, dried 
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over anhydrous sodium sulfate and the solvent was evaporated to give the crude compound (199 mg). The crude 

compound was used in the next reaction without further purification. 

Description : pale yellow oil; 

TLC: Rf 0.30 (hexane : ethyl acetate = 1:3). 

Example 5 

(11a,15a)-9^xo-11,15-dihydroxy-16-(3-meto^^ acid 
[01 59] 




[01 60] Under atmosphere of argon, to a solution of the compound synthesized in reference example 21 (199 mg) in 
. acetone (1.5 ml) was added Jones reagent at -30 °C until the starting material disappeared. To the mixture was added 
isopropanol and the mixture was warmed to -1 5 °C and thereto was added diethyl ether and water. The reaction mixture 
was extracted with diethyl ether and the organic layer was washed with water twice and a saturated aqueous solution 
of sodium chloride, dried over anhydrous sodium sulfate and the solvent was evaporated to give the crude compound. 
The crude compound was dissolved In a mixture of acetic acid-tetrahydrofuran-water (2 ml + 1 ml + 0.5 ml). The reaction 
solution was stirred for 2 hours at 50 °C. The reaction solution was extracted with ethyl acetate. The organic layer was 
washed with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and the solvent 
was evaporated under reduced pressure. The residue was purified by column chromatography on silica gel (hexane : 
ethyl acetate = 1:2+1% acetic acld-»1 : 4 + 1 % acetic acid) to give the title compound (80 mg) having the following 
physical data. 
Description : pale yellow oil; 
more polar 

TLC: Rf 0.48 (chloroform : methanol = 9 : 1); 

NMR(CDCI 3 ): 5 7.33-7.10 (m, 4H), 5.73 (dd, J=15, 6.3 Hz, 1H), 5.53 (dd, J=15 ( 8.6 Hz, 1H), 4.49-4.37 (m, 3H), 3.94 
(m, 1H), 3.42 (s, 3H), 3.38 (or, 3H), 2.89 (dd. J=14, 5.6 Hz, 1H), 2.82 (dd, J=14, 7.2 Hz, 1H), 2.69 (ddd, J=19, 7.7, 1.1 
Hz, 1H) t 2.32 (t, J=7.8 Hz, 2H), 2.31 (m, 1H), 2.20 (dd. J=19, 9.8 Hz, 1H), 1.97 (m, 1H), 1.67-1.20 (m. 10H).. 

Example 5(1) -5 (15) 

[01 61 J By the same procedures as described in reference example 19-21 and example 5, the title compounds having 
the following physical data were obtained. 
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Example 5(1) > 

5^9-0X0-11.15^^ 



(11 oc,1 
[01 B2] 



15 



COOH 




more polar: 



TLC: Rf 0.60 (ethyl acetate : acetic :ad«r ■ 20 1), Ja15 „ Hz> 1H)> 4 37 (q , 

(m, 1H), 1.7-1.2 (m, 10H), 1.15 (d. J=6 Hz, 6H). 



Example 5 (2) 
25 (11ot,15$)-9-oxo-11 
[0163] 



,15-dihydroxy^^ 



30 



35 



COOH 




40 



45 



more polar: 

1.24 (d. J=6Hz, 3H),1.23 (d,J«6Hz, 3H). 



50 
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Example 5 (3) 

(1 1a , 1 5$)-9-oxo- 1 1 ,1 5-dihydroxy-1 6-(3-methoxymethy!-5-methoxyphenyl)- 17.18,1 9,20-tetranorprost-1 3E-enolc acid 
[0164] 




more polar: 

TLC: Rf 0.48 (chloroform : methanol = 9:1); 

NMFWCDCIO: 5 6.81 (m, 1H). 6.72 (m. 2H), 5.73 (dd, J*15, 6.0 Hz, 1H), 5.54 (dd, J=15, 8.5 Hz. 1H), 4.41 (s, 2H) t 4.40 
(m, 1H), 3.96 (m. 1H), 3.80 (s, 3H), 3.43 (br, 3H), 3.41 (s, 3H), 2.82 (m. 2H), 2.71 (dd, J-18, 7.2 Hz, 1H). 2.44-2.12 
(m, 4H). 1.96 (m. 1H). 1.74-1.18 (m, 10H). 

Example 5 (4) 

(11a,15S)-9K>xc-11,15-dM^ acid 
[0165] 




more polar: 

TLC: Rf 0.51 (chloroform : methanol = 9 ; 1); 

NMR(CDCU): 5 7.31-7.00 (m. 4H), 5.75 (dd, J-15, 5.9 Hz, 1H), 5.57 (dd, J=15, 8.6 Hz, 1H), 4.42 (m, 1H). 3.98 (m, 
1H). 3.67 (t, >7.4 Hz, 2H). 3.42 (t J=6.8 Hz, 2H), 2.96-2.79 (m, 4H), 2.71 (dd. J=18, 7.4 Hz, 1H), 2.38 (br, 3H). 
2.37-2.12 (m, 4H), 1.98 (m, 1H), 1.71-1.13 (m, 12H), 0.89 (t. J=7.3 Hz, 3H). 
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Example 5 (5) 
(11O.158-9-0X0-11. 
5 [0166] 



acid 



10 



1S 




more polar: 



TLC: Rf 0.60 (ethyl acetate :■»■»■« - JO J): 5.56 («, JIB. 8 Hz. 1H), 5 J 



.5-5.3 (m, 
6 (m. 2H), 



2H) t 

1.16 (d, J=6 Hz, 6H) 
Example 5 (6) 
25 (Ha ( 155)-9-oxo.11,15-dlhydroxy.16.(3.lso| 

[0167] 



( propyloxymethylphenyl).17,18,19,20.tetranofprost-5Z. 13E-dienolc add 



30 



35 




40 Tic! Rf 0.59 (ethyl acetate : acetic acid - 20 g ^ 3 (m< 2H)> 4 48 (s 2H) 
NMR(CDCl3): 6 7.3-7 1 (MJJ 5-7 jJ^Kl^ (m, 2H), 2.68 <dd, >1B. 8 Hz. 1H), 2.4-2.25 



45 



50 
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Example 5 (7) 

(1 1 a ,1 5£)-9-oxo- 1 1 .1 5-dihydroxy- 1 6-{3-memoxymethyl-5-methoxyphenyl)-17,18,19,2^ 
acid 

[0168] 



10 



15 




more polar 

TLC: Rf 0.48 (chloroform : methanol = 9:1); 

NMR(CDCU): 5 6.81 (m, 1H), 6.72 (m, 2H), 5.71 (dd, J=15, 5.4 Hz, 1H), 5.55 (dd, J=15, 7.9 Hz, 1H), 5.40 (m, 2H), 
4.44 (m, 1H), 4.41 (s. 2H), 3.96 (m, 1H), 3.80 (s, 3H), 3.42 (s, 3H), 3.38 (br, 3H), 2.84 (m, 2H), 2.70 (dd, J=19, 7.3 Hz, 
25 1H), 2.45-1.98 (m, 9H), 1,66 (m, 2H). 

Example 5 (8) 

(1 1 a, 1 5y-9-oxo-1 1 , 1 5-dihydroxy- 1 6-{3-(2-propyloxyethyl)phenyl]-1 7, 1 8, 1 9,20-tetranorprost-5Z, 1 3E-dienoic add 

30 

[0169] 



O 




more polar 

TLC: Rf 0.49 (chloroform : methanol = 9 : 1); 
45 NMR(CDCU): 5 7.31-7.00 (m, 4H), 5.71 (dd, J=16, 5.6 Hz, 1H), 5.56 (dd, J=16, 7.9 Hz, 1H), 5.39 (m, 2H), 4.42 (m. 
1H), 3.97 (m, 1H), 3.95 (br, 3H), 3.66 (t, J=7.1 Hz. 2H), 3.41 (t, J=6.8 Hz, 2H), 2.94-2.78 (m,-4H), 2.70 (dd, J=19. 7.2 
Hz,'lH), 2.46-1.95 (m, 9H), 1.79-1.47 (m, 4H), 0.89 (t, J=7.4 Hz, 3H). 
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Example 5 (9) 
(11*160-9^11.15^ 
5 [0170] 



10 



COOH 




more polar: 

2 o ^CO^!^^ 5? 6 = 82 (di: J=8.2. 2.0 H* 1 H). 6.63 (d. J=8.2 Hz, 1 H), 5.60 (dd. JIM. 6.6 Hz, 
5n^iS ( M "ft S V W 3.98 (m, 1H), 2.82 (m. 1H). 2.72-2.42 (rn, 4H), 2.40-2.20 (m, 3H), 
2.19-1.86 (m, 2H), 1.70-1.08 (m, 12H). 0.93 (t, J=7.4 Hz, 3H). 



25 



30 



35 



Example 5(10) 

(11o.1BO-»11.1M^ 

[0171] 



COOH 




40 



45 



more polar: 

SSSSpSRST!^ mlSS ,-8.2. 2.2 Hz, ,H). 6.64 <„, >8, H, 1H), 570-5,6 * 4H). 4,4 
Tm Th) 4 00 (m 1H), 2.80 (m. 1H), 172-1.92 (m, 13H). 1.73-1.45 (m. 4H). 0.93 (t, J=7.4 Hz, 3H). 



50 
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Example 5(11) 

(11a,15^)-9K)xo-11,15-dihyd^^ acid 
[0172] 




more polar 

TLC: Rf 0.56 (ethyl acetate : acetic acid =* 20 : 1); 

NMRfCDCIa): 5 7.38-7.07 (m, 4H). 5.75 (dd, J=15.4, 6.2 Hz, 1H), 5.51 (dd, J=15.4 ( 8.8 Hz, 1H), 4.48 (s, 2H). 4.40 (m, 
1H), 3.94 (m, 1H), 3.48 (t J=6.8 Hz, 2H), 2.97-2.60 (m, 3H), 2:41-1.88 (m, 5H), 1.75-1.15 (m, 12H), 0.94 (t, J=7.4 Hz, 
3H). 

Example 5 (12) 

(1 1 a, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy-16-(3-ethoxymethylphenyl)-1 ,6-(1 ,4-phenylene)-2,3,4,5, 17,1 8,1 9,20-octanorprost- 
13E-enoic acid 

[0173] 




more polar 

TLC: Rf 0.31 (chloroform : methanol = 9:1); 

NMR(CDCl3): 6 7.98 (d, J=8 Hz. 2H), 7.3-7.1 (m. 6H), 5.72 (dd. J=15, 6 Hz, 1H), 5.43 (dd, J=15. 9 Hz. 1H). 4.45 (s, 
2H). 4.40 (q, J=6 Hz, 1H), 3.91 (q. J=8 Hz, 1H), 3.57 (q, J=7 Hz, 2H), 2.9-2.6 (m, 5H), 2.4-2.3 (m. 1H), 2.23 (dd, J=18, 
9 Hz, 1H), 2.0-1.9 (m, 2H). 1.8-1.7 (m, 1H), 1.26 (t, J=7 Hz, 3H). 
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Example 5 (13) 
(11a,15y-9-oxo.1UW^ 

5 [0174] 



10 



15 



COOH 




20 



25 



30 



35 



more polar: . 

TLC:Rf 0.55 (ethyl acetate: acetic add* 20 • 5 .53 (dd, >15.4, 8.0 Hz. 1H), 

Example 5 (14) 

,110.16^^11.15^^ 
[0175J 



COOH 




40 



45 



50 



more polar: 

TLC: Rf 0.52 ^ta.e ^cetfc aeH I - 2 1 : 1 * 5.56 (dd. J-1M, 7.4 Hz. 1H), 

KSSg 2 8 HM.-4 7 3 1 JftKi £ 'SftiS ^ H, 2H). 3.35 (,. 3H), 2.95-2,0 (m, 5H). 2.46-L90 «, 
9H), 1.80-1.45 (m, 2H). 
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Example 5 (15) 

(11aJ5y-9^xo-11,15-dihy<^ ackJ 
s [0176] 



10 



15 




20 



25 



30 



35 



40 



45 



50 



55 



more polar 

TLC: Rf 0.56(ethyl acetate : acetic acid = 20 : 1); 

NMR(CDCI 3 )* 5 7.38-7.08 (m, 4H). 5.73 (dd, J=15.4, 6.2 Hz,"1H), 5.53 (dd, J=15.4, 8.0 Hz, 1H), 5.50-5.27 (m, 2H), 
4.59-4.37 <m. 3H). 3.92 (m, 1H), 3.49 (t, J=6.8 Hz, 2H), 3.38-1.87 (m, 12H). 1.84-1.52 (m, 4H), 0.94 (t, J=7.4 Hz, 3H). 

Reference Example 22 

( 1 1 a, 1 5a)-9-butanoyloxy-1 1 ,1 5-bis(t-butyldimethylsilyloxy)- 1 6-(3-methoxymethylphenyl)- 17,18,1 9,20-tetranorprost- 
8,13E-dlenoic acid 2-{t-butyldimethytsilyloxy)ethyl ester 

[0177] 




[01 78] Under atmosphere of argon to a solution of (3S)-1 -lodo-4-(3-methoxymethytphenyI)-3-t-butyldimethylsilyloxy- 
1E-butene (186 mg) in anhydrous diethyl ether (2.0 ml) was added t-butyl lithium (1.64 M solution in pentane. 0.52 ml) 
dropwlse at -78 °C and the mixture was stirred for 45 minutes at the same condition. Thereto was added lithium 2-thienyl- 
cyano cuprate (0.25 M solution in tetrahydrofuran, 2.1 ml) dropwise and the obtained yellow sepia solution was stirred 
for 1 5 minutes. Thereto wasadded a solution of 2-[6-(2-t-butyldimethylsilyloxyethoxy)carbonylhexyl]-4 a -t-butyldimeth- 
ylsilyloxy.2-cyclopenten-1-cne (155 mg) in anhydrous diethyl ether (2.0 ml) dropwise slowly and the obtained dark 
yellow solution was allowed to warm over a period of 40 minutes to -20 °C. Thereto was added lactic anhydride (0. 1 6 
ml) and the mixture was stirred for 30 minutes at the same condition. The reaction was terminated by adding a mixture 
of a saturated aqueous solution of ammonium chloride and a 28% aqueous solution of ammonia (9 :1), and the mixture 
was allowed to warm to room temperature. The reaction mixture was extracted with ethyl acetate and the organic layer 
was washed with a mixture of a saturated aqueous solution of ammonium chloride and a 28% ammonia water (9:1), 
and then with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and the solvent 
was evaporated. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 20 : 1) to 
give the title compound (185 mg) having the following physical data. 
Description : pale yellow oil: 
TLC: Rf 0.51 (hexane : ethyl acetate = 9:1); 

NMR(CDCI 3 ): 6 7.3-7.1 (m. 4H), 5.60 (dd, J»15, 5 Hz, 1H), 5.42 (dd, J*15, 9 Hz, 1H), 4.42 (s, 2H), 4.3-4.2 (m. 1H), 
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A 19 frid J-S S Hz 2M 4 1-4 0 (m 1H>. 3.80 (dd. J=6. 5 Hz. 2H). 3.37 (s, 3H), 3.0-2.95 (m. 1H). 2.9-2.7 (m. 3H). 
2 37 (t J=8"hz 2H), J 2 J J=8 Hz, 2H)! 2 ; 1-1,9 (m. 1H), 1.8-1.5 (m, 4H), 1.4-1.1 (m, 8H). 0.98 (t. J=7 Hz, 3H), 0.89 
(s. 9H), 0.87 (s, 9H), 0.81 (s, 9H), 0.06 (s. 6H), 0.03 (s. 6H). 

Example 6 

(11aJ5a)-9-butanoyloxy-11.15.dihydr^ 
2-hydroxyethyl ester 



10 10179] 



15 



20 




25 



30 



35 



[01801 To a solution of the compound synthesized In reference example 22 (1 80 mg) In acetonlMe (2 ml) was added 
Lvridlne (0 2 ml) and hydrofluoric pyridine complex (0.4 ml) atO -C and the mixture was stirred for 2 hours at room 
tempera ture To 313 ethyl achate and a saturated aqueous solution of sodium bicarbonate under vigorously 
2Siir«ta mixture slowiy. The. mixture was separated into two layers and the orgamc layer •*« 
washed wM water and a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and *e 
wIvenfwM evaporated under reduced pressure. The residue was purified by column cartography on sB « gel 
SaneTeth7acetate = 2 : 1-ethyl acetate) to give the title compound (79 mg) having the following phys.cal data. 
Description : colorless oil; 

5 67 (dd, >15. 6 Hz, 1H). 5.45 (dd. >15, 9 Hz, 1H). 4.43 (s. 2H). 4.38 (q, J=6 Hz. 
SfSf« fm 2W 47-4 0 m 1H) 3 8.3J5 (m . 2 H). 3.39 (s, 3H), 3.1-3.0 (m, 1H). 2.9-2.75 (m, 3H). 2.6-2.4 (br. 

(m, 8H), 0.97 (t, J=7 Hz, 3H), 



40 



Example 6 (1)-6 (4) 

[01 81] By the same procedures as described In reference example 22 and example 6, the title compounds having 
the following physical data were obtained. 



50 



76 



EP 1 114 816 A1 

Example 6(1) 

(11a,15a)-9-butanoy^^ 
methyl ester 

[0182] 



COOMe 




TLC: Rf 0.18 (ethyl acetate : hexane = 2:1); « , 

NMR(CDCU): 5 7.3-7.1 (m, 4H). 5.67 (dd, J*15. 6 Hz. 1H). 5.45 (ddd, J-15. 9, 1 Hz, 1H), 4.43 (a, 2H), 4.45^.35 (m, 
1H) 4 1-4 0 (m, 1H), 3.68 (s. 3H), 3.42 (s. 3H). 3.1-3.0 (m, 1H), 2.9-2.8 (m, 3H), 2.45-2.35 (m. 1H). Z39 (t. J=7 Hz. 
2H)! Z29 ft J=7 Hz, 2H), 2.3-2.2 (br. 1H). 2.1-1.95 (m. 1H), 1.8-1.5 (m. 7H). 1.4-1.2 (m, 6H), 1.00 ft J=7 Hz. 3H). 

Example 6 (2) 

(11a,15a)-9-butanoyloxy-11J5.dlhydroxy-16-(3.methyl^hydroxyphen^ 
acid methyl ester 

[0183J 



COOMe 




TSSgSg&XZ TXwU >8. 2 Hz, 1 H), 6.70 (d. J= a Hz. 1H). 5.62 (dd. >15. 7 Hz. 1H>. 5.43 
WdjSl3 9 Hz. 1H) 5 29(s, 1H), 4.39 (q, J=6 Hz, 1H), 4.1-4.0 (m. 1H). 3.68 (s, 3H), 3.1-3.0 (m, 1H). 2.9-2.8 (m, 1H). 
Um %7 HZ 2H) 2 48.2.35 (£, 1H). 2.39 ft J=7 Hz, 2H). 2.31 (t J=7 Hz. 2H). 2.23 (S. 3H), 2.1-2.0 (m. 1H). 2.0-1.9 
(m, 1H), 1.8-1.5 (m, 6H). 1.4-1.1 (m, 6H). 1.00 (t, J=7 Hz. 3H). 



77 



EP 1114 816 A1 

Example 6 (3) 

(11a,15a)-9-(3-carooxypropa^^ 
8,13E-dienoic acid methyl ester 

[0184J 



10 



15 



HOOC 



COOMe 




20 



25 



30 



JtSmY^X 'SfiSSi SlM Hz, 1H), 5.44 (dd, J-15, 9 Hz, 1H), 4.44 (s. 2H), 4.38 (q. J=6 Hz, 
?H)Toi (it Si i^^ZU 3.40 (S, 3H), 3.1-3.0 (m, 1H), 2.9-2.6 <m, 7H), 2.45-2.4 (m, 1H), L4-Z3 (m, 
3H)', 2.1-2.0 (m, 1H), 1.75:1.55 (m, 4H), 1.4-1.2 (m, 6H). 

Example 6 (4) 

(11a,15a>9-acet^ 
methyl ester 

[0185] 



35 



40 



COOMe 




45 ImR^^ iSTIll « * Hz, 1H), 5.43 (dd. J-15, 9 Hz, 1H), 4.42 (s, 2H), 4.45^.3 (m. 1H) 
! JTJS ^^ti ^M (s. 3Hfc 3.1-3.0 (m. 1H). 2.9-2.7 (m, 3H). 2.5-2.3 (m, 2H). 2.30 (t, J=7 Hz. 2H), 2.15 
( 8| 3H), 2.1-1.9 (m, 1H), 1.9-1.5 (m. 4H), 1.4-1.1 (m, 6H). 



50 



55 



78 



t 



EP 1 114 816 A1 

Reference example 23 

(9aJ1aJ5a)-9-hydro)y-1U 
13E-enoic acid methyl ester 

[0166] 



10 



15 




[0187] (11 a, 15 a)-9^o-11.15-bls(t-butyldimethytsilyloxy)-16-(3-methoxymethyl pheny0-17,18,19,20-tetranor- 
20 prost-13E-enolcacid methyl ester (278 mg, synthesized in reference example 13) was dissolved in anhydrous THF (8 

ml) and the mixture was cooled to -78 °C. Thereto was added lithium tri-sec-butylborohydride (1.0M soiution in THF 

(L-selectride®), 0.46 ml) and the mixture was stirred for 1 hour. To the mixture was added a 31% aqueous solution of 

hydrogen peroxide (1.6 ml) and diluted with ethyl acetate. The organic layer was washed with a 1 N hydrochloric acid, 

a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride successively, 
25 dried over anhydrous sodium sulfate and concentrated. The residue was purified by flash column chromatography on 

silica gel (hexane : ethyl acetate = 20: 1-*10 : 1->4 : 1) to give the title compound (173.7 mg) having the following 

physical data. 

Description : colorless oil; 

TLC: Rf 0.46 (hexane : ethyl acetate =4:1); 
30 NMR(CDCU): 6 7.30-7.03 (m, 4H). 5.48 (dd, J=15.4 Hz, 5.6 Hz, 1H), 5.34 (dd, J=15.4 Hz, 8.6 Hz, 1H). 4.42 (s, 2H), 

4.29-3.94 (m, 3H). 3.65 (s, 3H), 3.37 (s, 3H), 2.73 (d, J=6.6 Hz, 2H), 2.29 (t, J=7.5 Hz. 2H), 2.24-2.12 (m, 1H). 1.BW .10 

(m, 14H), 0.86 (s, 9H). 0.81 (s, 9H), 0.04 (s, 6H). -0.12 (s, 3H), -0.23 (s, 3H). 

Reference Example 24 

35 

(9o,11a,15a)-9-tosyloxy-11 l 15-bis(t-btf 
13E-enoic acid methyl ester 

[0188] 



45 



' 50 




[0189] The compound synthesized in reference example 23 (173.7 mg) was dissolved in pyridine (3 ml) and the 
mixture was cooled to 0 °C. Thereto was added tosyl chloride (500 mg) and the mixture was allowed to warm to room 
55 temperature. After stirring for 15 hours, thereto was added tosyl chloride (500 mg) and the mixture was strred for 5.5 
hours at room temperature, cooled to 0 °C and thereto was added water to terminate the reaction. The react on solution 
was diluted with ether and the organic layer was washed with water and a saturated aqueous solution of sodium 
chloride, dried over anhydrous sodium sulfate, concentrated. The solvent was separated as azeotropic rnxture with 
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toluene to give the crude compound of title compound (217.5 mg) having the following physical data. 
Description : pale yellow oil; : . 

TLC: Rf 0.62 (benzene : ethyl acetate = 10 : 1). 

5 Example 7 

(9 p,11a ( 15a)-9<hlor^ 
methyl ester 

10 [0190] 



15 



20 

[0191] The compound synthesized In reference example 24 (217.5 mg) was dissolved In anhydrous toluene £, ml) 
and to the mixture was added tetrabutylammonlum chloride (730 mg) and the mixture was warmed to 55 °C. After 1 
ourth^^^ 

of sodium chloride, dried over anhydrous sodium sulfate and concentrated. The residue was dtesolved In acetoniWe 
(2 mO a^d to the mixture was added pyridine (0.25 ml) and the mixture was cooled to 0 -C. HnM > added hy- 
drofluoric add-pyridine (0.5 ml) and after 5 minutes the mixture was allowed to warm to room temperature After 1.5 
JJSrt! was diluted with ethyl acetate and the organic layer was washed with water, a saturated aqueous 

sodium sulfate and concentrated. The residue was purified by column chromatography on ^nca gel (r*xane: ethyl 
acetate = 1 : 2) and Lobar column (toluene: isopropyl alcohol = 20 : 1) to give Ihe title compound (55.6 mg) havmgthe 
following physical data. 
Description : colorless oil; 
TLC: Rf 0.42 (hexane : ethyl acetate = 1:2); 
« MMRfrnri.v S 7 32-7 06 (m 4H). 5.56 (dd, J=15.0 Hz, 6.2 Hz, 1H), 5.42 (dd, 

jS Se f£ ? iJmS^s 2H) t 4.36-4.20 (m, 1H). 4.08-3.90 (m, 2H). 3.65 (s, 3H). 3.63-3.42 (br, 1H), 3.39 (s. 
3H), 2.92-2.68 (m, 3H), 2.30 (t. >7.5 Hz, 2H), 2.15-1.20 (m t 14H). 



25 



30 



40 



45 




Example 7(1) 

■<9&11ifc16cO-M^ 
methyl ester 

[0192] 



55 



COOMe 




[0193] By the same procedures as described in reference example 13, 23, 24 and example 7, the title compound 
having the following physical data was obtained. TLC: Rf 0.27 (hexane : ethyl acetate = 1:2); 
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NMWCDCL): 6 7.32-7.05 (4H, m). 5.57 (1H, dd, J=15.3 Hz. 6.5 Hz), 5.51-5.26 (3H, m), 4.45 (2H, s), 4.36-4.22 (1H. 
m), 4.06-3.90 (2H, m), 3.66 <3H, s). 3.55 (2H, q, J=7.0 Hz), 3.02-2.68 (4H, m), 2.38-1.82 (10H, m), 1.78-1.58 (2H, m). 
1.24(3H.t, J=7.0Hz). 

Example 8 

(9p,11a ,15 a)-9-chloro-11,15-dihydroxy-16-(3-methoxymethy1ph 
[0194] 



COOH 




[01951 The compound synthesized in example 7 (50.0 mg) was dissolved In methanol (2 ml) and thereto was added 
a 2N aqueous solution of sodium hydroxide (1 ml). After 1 hour, the solution was acidified with a 1 N hydrochloric acid 
and the mixture was extracted with ethyl acetate. The organic layer was washed with a.saturated aqueous solution of 
sodium chloride, dried over anhydrous sodium sulfate, concentrated and the residue was purified by column chroma- 
tography on silica gel (ethyl acetate-methyl acetate : acetic acid » 50 : 1) to give the title compound (47.5 mg) having 
the following physical data. 
Description : pale yellow oil; 
TLC: Rf 0.55 (ethyl acetate : acetic acid = 50 : 1); 

NMWCDCM: 5 7.34-7.09 (m, 4H). 5.62 (dd, J-15.4 Hz, 5.8 Hz, 1H), 5.47 (dd, J-1S.4 Hz. 7.6 Hz. 1HJ, 4.44 (s. 2H>. 
4.43-4.32 (m. 1H). 4.12-3.90 (m, 2H), 3.41 (s, 3H), 2.95-2.73 (m. 2H). 2.32 (t, J=6.9 Hz, 2H), 2.28-1.77 (m, 4H), 
1.72-1.52 (m. 2H), 1.52-1.16 (m, 11H). 

Example 8(1) -8 (9) 

[01 96] By the same procedures as described in reference example 13,23, 24 and example 7 and 8. the title compound 
having the following physical data were obtained. 

Example 8(1) 

(9p i 11a,15a)-9-chloro-11J5.dihydroxy.16-[3-(2-ethoxyem 
[0197] 




TLC: Rf 0.34 (ethyl acetate); BJ _. M 4L1X , 7n , „ ? m 

NMR(CDCI 3 ): 5 7.26-7.00 (m. 4H). 5.62 (dd, J-15.4. 6.0 Hz. 1H), 5.49 (dd > 1 "v*^ ™\ 
4 20-3 80 (m 4H), 3.64 (t. J-7.1 Hz, 2H), 3.51 (q. J=7.0 Hz. 2H). 2.94-2.68 (m, 4H), 2.32 (t, J=7.3 Hz. 2h). 2.28-1.78 
(m. 4H). 1.78-1.25 (m, 10H), 1.19 (t. J=7.0 Hz, 3H). 
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Example 8 (2) , 

(9pj1a,15a)-9-chloro-1U 

[0198] 



COOH 




TLC: Rf 0.25 (chloroform : methanol « 9 




(dd, 

2H), 1.4-1.2 (m, 8H). 
Example 8 (3) 

(9P, 11 a, 1 5a)-9-chloro-1 1 ,1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 ,6-(1 ,4-phenylene)- 
2,3,4,5,1 7, 1 8, 19,20-octanorprosM 3E-enoic acid 

[0199] 



COOH 




TLC: Rf0.47 (chloroform: methanol = 9:1); 

NMR(CDCU): 5 8.01 (d, J-8.4 Hz. 2H), 7.30-7.08 (m, 6H), 5.62 (dd, J=15, 6.4 Hz, 1H), 5.45 (dd, J-15. 8.0 Hz, 1H). 
4.40 (i, 2H) 4.38 (m, 1H). 4.03 (m, 2H), 3.83 (br, 3H). 3.40 (s, 3H), 2.95-2.64 (m, 4H), 2.35-1.66 (m, 6H). 
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Example 8 (4) 

(9pj1aJ5a)-9<hloro-11J^ acid 
[0200] 




TLC: Rf 0.45 (chloroform : methanol =9:1); 

NMR(CDCU): 8 7.25 (1H, m), 7.10 (3H, m), 5.62 (1H, dd, J=15, 5.4 Hz), 5.51 (1H, dd. J=15, 7.0 Hz), 5.44 (2H, m), 
4.63 (2H. dt, J=47, 6.4 Hz), 4.37 (1H, m), 4.22 (3H, br), 4.03 (2H, m). 2.98 (2H, dt, J=24, 6.4 Hz), 2.82 (2H. m). 2.35 
(2H, t, J=6.9 Hz), 2.30-1.87 (8H, m). 1.68 (2H, m). 

Example 8 (5) 

(9p.11a.15a)-9^hloro-11,15-d^^ 13E-dienoic acid 

[0201] 




TLC: Rf 0.54 (chloroform : methanol = 9 : 1); 

NMR(CDCU): 6 7.23 (m, 1H), 7.06 (m, 3H), 5.62 (dd. J=15, 5.6 Hz, 1H), 5.57-5.36 (m. 3H), 4.38 (m, 1H). 4.03 (m, 2H), 
3.80 (br, 3H), 3.65 (t, J=7.2 Hz, 2H). 3.52 (q, J=7.0 Hz, 2H), 2.87 (t, J=7.2 Hz, 2H), 2.81 (m. 2H), 2.34 (t, J=6.8 Hz. 
2H), 2.29-1.87 (m, 8H), 1.68 (m, 2H). 1.20 (t, J=7.0 Hz, 3H). 

Example 8 (6) 

(9p,11a,15a)-9-chloro-11.1^ 13E-dienoic acid 

[0202] 
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TLC* Rf 0.63 (ethyl acetate : acetic acid = 50 : 1); 

NMR(CDCI 3 ): 6 7.33-7.06 (4H, m), 6.00-5.20 (7H, m). 4.46 (2H, s), 4.40-4.26 (1 H, m), 4.07-3.90 (2H, rn), 3.56 (2H, q, 
J=7.0 Hz). 2.81 (2H, d. J=6.2 Hz), 2.40-1.80 (10H, m), 1.78-1.58 (2H, m), 1.24 (3H, t. J=7.0 Hz). 



J=7.0 Hz). 2.81 (2H 
Example 8 (7) 



(9p,11a,15a)-9-chloro-11,15-dity^ 



acid 
[0203] 



COOH 




TLC: Rf 0.29 (chloroform : methanol =9:1); 

NMR(CD,ODV 5 6.87 (s, 1H), 6.81 (d, J=8 Hz, 1H), 6.62 (d, J=8 Hz, 1H), 5.50 (dd, J-1B, 6 Hz, 1H). 5.5-5.3 (m, 3H), 
4 18 (q, J=6 Hz. 1H). 4.05-3.9 (m, 2H), 2.77 (dd, J-14, 6 Hz, 1H), 2.57 (dd, J=14, 8 Hz, 1H), 2.29 (t, J=7 Hz, 2H), 2.12 
(s, 3H), 2.2-1.9 (m. 7H), 1.9-1.7 (m. 1 H). 1.75-1.55 (m, 2H). 

Example 8 (8) 

(9P, 1 1 a, 1 5 a)-9-chloro-1 1 , 1 5-dihydroxy-16-(3-methoxymethylphenyl)-1 7 ( 18,19.20-tetranorprost-5Z,13E^fienoicacid 
[0204] 



COOH 




TLC: Rf 0.42 (chloroform: methanol = 9: 1); ll „ MU , 

NMWCOCW 6 7.33-7.08 (4H. m), 5.60 (1H, dd, J-15, 5.8 Hz), 5.45 (3H, m), 4.50 (3H, br), 4.43 (2H. s), 4.37 (1H. m). 
3.99 (2H, m). 3.40 <3H, s), 2.84 (2H, d. J=6.6 Hz), 2.34 (2H, t, J=7.0 Hz), 2.28-1.84 (8H, m), 1.68 (2H, m). 
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Example 8 (9) 

(9p,11a,15a)-9-fluoro-11,15«Jihydroxy-16-^ acid 
[0205] 




TLC: Rf 0.45 (chloroform : methanol = 9:1); 

NMRfCDCIa): 5 7.36-7.08 (m, 4H), 5.63 (dd, J=15, 5.8 Hz, 1H), 5.57-5.31 (m, 3H), 4.77 (m t 1H) t 4.43 (s, 2H). 4.42 (m, 
1H), 4.11 (br, 3H), 3.98 (m, 1H). 3.41 (s, 3H), 2.86 (m. 2H), 2.40-1.54 (m, 12H). 

Example 9 

(1 1 a, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy-1 6-{3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranorprost-2E, 1 3E-dienoic add 
methyl ester 

[0206] 




[0207] By the same procedures as described In reference example 13 and example 1 using the compound synthe- 
sized In reference example 12, the title compound having the following physical data was obtained. 
TLC: Rf0.26 (ethyl acetate): 

NMRfCDCIa): 8 7.3-7.1 (m, 4H), 6.93 (dt J*16,7 Hz, 1H), 5.80 (d, J=16 Hz, 1H), 5.73 (dd, J=15,6 Hz, 1H),5.50 (dd, 
J«15,8 Hz, 1H), 4.5-4.35 (m, 3H), 3.92 (q, J=8 Hz, 1H), 3.72 (s, 3H), 3.41 (s, 3H). 2.91 (dd, J * 14. 7 Hr, 1H). 2.83 
(dd, J=14,9 Hz. 1H) ( 2.69 (dd, J=18,8 Hz, 1H), 2.4-2.1 (m, 5H), 2.0-1.9 (m, 1H), 2.1-1.7 (br), 1.6-1.2 (m. 5H). 
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Example 10 , 

(11 a,15a)-9-oxo.11,15-dihydroxy.1 e-P-memoxymethylphenyO-U.IS,^ acid 
5 [0208] 



10 



15 



20 



25 



30 




I0209] By the same procedure as described in example 2 using the compound synthesized In example 9. the title 
Jlr»ni, »nH havinfl the followina Dhysical data was obtained. TLC: Rf 0.24 chloroform : methanol = 9.1), 
SS^StR J-1W HZ, 1H), 5.80 (d, >ia Hz, 1H), 5.72 (dd, J*15,6 Hz, 1HJ.5.51 (dd. 
5!KKo * HI Slia (s, »f 4.38 (q, J=6 Hz, 1H), 3.93 (brq, 1H), 3.42 (s. 3H), 2.9U.8 (m, 2H), 2.69 (dd, 
J-19J Hz, 1H) t 2.4-2.1 (m, 4H). 2.0-1.9 (m, 1H), 1.7-1.5 (m, 1H), 1.5-1.2 (m, 5H). 

Example 11 - 11 (1) 

[0210] By the same procedures as described in reference example 19-21 and example 5, the compounds having 
the following physical data were obtained. 

Example 11 

(11c^15^9^11JMhyW 
acid 

[0211] 



40 



45 



SO 




[021 2] (The compound is a diastereomeric mixture at 1 6-positlon.) more polar 

S^YWW^nZw (dd. J-1M Hz 1H). 5.6-5.3 (n, 3H). 4.5-4.35 2H), 4.32 and 4.26 
S 1H) I mi!tl!U 1H). 3.42 (S.3H). 3.4-2.3 (br). 3.0-2.8 (m. 2H). 2.70 and 2.63 (dd. J=19.8 Hz. 1H). 
2.4-1.9 (m, 9H), 1.8-1.6 (m, 2H), 1.38 and 1.29 (d, J=7 Hz, 3H). 
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Example 11(1) 

(11 a, 1 5^-9-oxo- 11,1 5-dihydroxy- 1 6-<3-methyl-4-hydroxypheny1)-1 6-methyl- 17,18,1 9,20-tetranorprost- 5Z, 13E- 
dienoic acid 

[0213] 



COOH 




[0214] (The compound is a diastereomeric mixture at 16-pqsition.) more polar 
20 TLC: Rf 0.31 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 6.95*6.75 (m, 2H), 6.69 and 6.63 (d, J=8 Hz, 1H), 5.65-5.1 (m, 4H), 4.15-3.9 (m, 2H). 3.2-2.6 (br), 
2.8-2.55 (m, 2H), 2.4-1.9 (m, 12H). 1.7-1.55 (m, 2H). 1.27 and 1.15 (d, J=7 Hz, 3H). 



Formulation example 1 
[0215] 



. (9p, 1 1 a, 1 50-9-chloro-n. 1 5-dihydroxy- 1 6-(3-methoxymethyl-4-hydroxy phenyl)-17,18,1 9,2(Metranorprosta-5Z, 
1 3E-dlenoic acid (3 mg) in ethanoi 

30 • stearic acid 100 mg 

• silicon dioxide 20 mg 

• talc 10 mg 

• calcium cellulose glycoiate 200 mg 

• microcrystalline cellulose 5000 mg 



were admixed in a conventional method, dried, added microcrystalline cellulose to sum 10 g, mixed until homo- 
geneous and punched out in a conventional method, to obtain 1 00 tablets each containing 30 fig of active ingredient 

Formulation example 2 

[0216] A clathrate (6 mg) of (11 a ,15 a)-9-oxo-11.15-dlhydroxy-16-(3-methoxy methyiphenyl)-17 t 18,19,20-tetranor- 
prost-13E-enoic add (0.5 mg) in a-cydodextrtn was dissolved in distilled water for injection (300 ml) and the solution 
was sterilized in a conventional method, placed 3 ml portions into 5 ml ampoules to obtain 1 00 ampoules each containing 
5 \ig of the active ingredient. 

Claims 

1. An to-substituted phenyl-prostaglandin E derivative of formula (I) 
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OH 



R 4 -R 5 



(I) 



(wherein 




alkyloxy-carbonyl-C2-4 alkenyl), 



R3 is hydrogen or hydroxy, 
r4 js C 1-4 alkylene, 

R5 is phenyl substituted by the following groups: 

I) 1-3 groups selected from 

C1-4 alkyloxy-C1-4 alkyl, 

C2-4 alkenyloxy-C1-4 alkyl, 

C2-4 alkynyloxy-C1-4 alkyl, 

C3-7 cycloalkyloxy-C1-4 alkyl, 

C3-7 cydoalkyl{C1-4 alkyloxy)-C1~4 alkyl, 

phenyloxy-C1-4 alkyl. 

phenyl-C1~4 alkyloxy-C1-4 alkyl, 

C1-4 alkylthlo-C1-4 alkyl, 

C1-4 alkenyrthio-C1-4 alkyl, 

C1-4 alkynylthio-C1-4 alkyl, 

C3-7 cycloalkylthlo-C1-4 alkyl, 

C3-7 cycloalkyl{C1-4 alkylthlo)-C1-4 alkyl, 

phenylthio-C1-4 alkyl and 

phenyl-C1-4 alkylthio-C1-4 alkyl, 

ii) C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyl, 
C1-4 alkyloxy-C1~4 alkyl and C1-4 alkyloxy, 
C1-4 alkyloxy-C1-4 alkyl and hydroxy, 
C1-4 alkyloxy-C1~4 alkyl and halogen, 
C1-4 alkylthio-C1-4 alky! and C1-4 alkyl, 
C1-4 alkylthio-C1-4 alkyl and C1-4 alkyloxy, 
C1-4 alkylthio-C1-4 alkyl and hydroxy or 
C1-4 alkylthio-C1-4 alkyl and halogen 

iii) halo-C1-4 alkyl or hydroxy-C1-4 alkyl, 
or 

lv) C1-4 alkyl and hydroxy; and 
= is a bond or a double bond, 

and when R* is R*-COO- ( R 1 is C1-6 alkyloxy, C1-6 alky toxy-C 1-6 alkyloxy or HO-C1-6 alkyloxy 

bond in the 8-9 position is a double bond), 

a non-toxic salt thereof or a cyclodextrin clathrate thereof. 

2. A compound according to claim 1 . wherein R 1 is hydroxy. 



3. A compound according to claim 1 , wherein Ri Is C1-6 alkyloxy, C1-6 alkyloxy-CI-6 alkyloxy or HO-C1-6 alkyloxy. 
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4. A compound according to claim 1 . wherein R* is NRW (wherein R° and BJ have the same meanings as described 
in claim 1). : * 

5. A compound according to claim 1 , wherein R 2 Is oxo. 

6. A compound according to claim 1 , wherein R 2 is halogen. 

7. A compound according to claim 1, wherein R 2 is 

R 8 -COO- 

(wherein R fl has the same meaning as described in claim 1). 

8. A compound according to claim 1 , wherein R s is phenyl substituted by 

I) 1-3 of 

C1-4 alkyloxy-C1-4 aikyl, 

C2-4 alkenyloxy-C1-4 alkyt. 

C2-4 alkynyloxy-C1-4 alkyl, 

C3-7 cycloalkyioxy-C1-4 alkyl, 

C3-7 cycloalkyl(C1-4 alkytoxy)-C1~4 alkyl. 

phenyloxy-C1-4 alkyt, 

phenyl-C1-4 alkyloxy-C1-4 alkyl, 

C1-4 alkylthio-C1-4 alkyl, 

C2-4 alkenylthio-C1-4 alkyl, 

C2-4 alkynylthio-C1-4 alkyl, 

C3-7 cycloalkylthio-C1-4 alkyl, 

C3-7 cycloalkyl(C1-4 alkytthio)-C1~4 alkyl, 

phenylthio-C1-4 alkyl or 

phenyl-C1~4 alkytthio-C1-4 aikyl. 

9. A compound according to claim 1 , wherein R s is 

ii) phenyl substituted by 
C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyl, 
C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyloxy, 
C1-4 alkyloxy-C1-4 alkyl and hydroxy, 
C1-4 alkyloxy-C1-4 alkyl and halogen, 
C1-4 alkylthio-C1-4 aikyl and C1-4 alkyl. 
C1-4 alkylthio-Cl-4 alkyl and C1-4 alkyloxy, 
C1-4 alkylthio-C 1-4 alkyl and hydroxy, or 
C1-4 alkylthio-C 1-4 alkyl and halogen. 

1 0. A compound according to claim 1 , wherein R s is 

Hi) phenyl substituted by halo-C1-4 alkyl or hydroxy-C1-4 alkyl. 

11. A compound according to claim 1, wherein R s is 
lv) phenyl substituted by C1-4 alkyl and hydroxy. 

12. A compound according to claim 1. wherein A is C2-8 alkylene or C2-8 alkenytene. 

13. A compound according to claim 1, wherein A is C1-4 alkyl ene-phenylene or C2-4 alkenylene-phenylene. 

14. A compound according to claim 1. 5 or 8, which is 

(1) (11 a ,15 a)-9.oxo-11 l 15-dihydroxy.16-(3-methoxymethylphenyl).17 l 18,19,20-tetranorprosH3E-enoic 
acid, 
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(2) (lla^SaJ-S-oxo-II.IS-dihydroxy-ie^-ethoxymethylphenyO-U.IB, 19,20-tetranorprost-5Z,13E-dienolc 
acid, : 

(3) (11 a ,15a)-9-oxo-11 J5-dihydroxy-16-[3-(2-ethoxyeth^^ 
id. 

(4) (11 a 15a)-9-oxo-11,15-dihydroxy-16-(3-ethoxymethylphenyl)-17,18, 19,20-tetranorprost-13E-enoic acid, 

(5) (11 O5a)-9^xo-11,15-dihydro 18,19,20.tetranorprost.5Z,13E-dieno. 
ic acid 

(6) (15 a )-9-oxc-15-hydroxy-16-(3-ethoxymethyiphenyl)-17 ,18,19,20-tetranorprost-5Z, 13E-dienolc add. 

(7) (11 a, 15 a)-9-oxo-11 ( 15-dihydroxy-16-(3-methoxymethyiphenyl)-17, 18,19,20-tetranorprost-5Z,13E-di- 
enoic acid, 

(8) (15 a )-9-oxo-154iydroxy-16-(3-me^^ 

(9) (11 a. 15 5)-9^xo-11.15-dihydroxy-16-t3-(2-isopropyloxyethyl) phenyl]- 17,1 8, 19,20-tetranorprost-13E- 
snoic acid 

(10) (iia,15fr9*xo-11J5-dlhy^ 
acid, 

(11) (1 1a, 1 5y -9-OXC-1 1 , 1 5-dihydroxy-1 6-[3-(2-propyloxyethyl)phenyl]-1 7, 18,1 9,20-tetranorprosM 3E-enolc 
acid, 

(12) (l1a,15?)-9-oxo.11 l 15-dihydroxy-16-t3-(2-lsopropyloxyethyl) phenyl]-17,18,19,20-tetranorprost-52.13E- 
dienoic add, 

(13) (ii a ,15$)-9-oxo-11,15-dihydroxy06-^^^ 
dlenoicacid, 

(14) (ii af i5$)-9^xc-11 ( 15-dihydrox^^ 
enoic acid, 

(15) (11a, 15 ^9^x0-1 1,15-dihydroxy-16^ 
acid 

(16) '(11 a,1^9^xo.11,15-dihydroxy.1 6H3.(2^ethox^thyl)phenyl]-17J8,19 > 20.tetranorprost-13E^nolc 
acid, 

(17) (ilo^l55)-9-oxc-11,15<lihydroxy-16-[3-(2-methoxyethyI)phen 
enoic acid, 

(18) (ila,15y-9-ox>11,15-dihydroxy-16-(3^ 13E-di- 
enolc a ^ d ^ 15a ^ 9 ^^ 

(20) (l"o?i 5$)-9-oxo- 1 1 ,1 5-dihydroxy-1 6-(3-methoxymethy1phenyl)-1 6-methy1-1 7, 18, 1 ^(Metranorprost-SZ, 
1 3 E-di enoic acid, 

(21) (lla,155)-9<>xo-11 I 15-dihydroxy-16^ 
5Z,13E-dienoic acid, 

(22) (lla,15a)-9-oxo-11J5-dihydroxy06^ 
20-octanorprosM3E-enoic acid, 

(23) (iia,15a)-9-oxo-11,15-dihydroxy-16-(3-methoxyme^^^^ 

20-octanorprost-13E-enoic acid or t 1M . M .. fl , Q 

(24) {iioU5a)«9-oxc-11J5-dihydroxy-16-(3-ethoxym 
20-octanorprosM3E-enoic acid, 

or a methyl ester thereof. 
1 5. A compound according to claim 1. 5 or 9, which is 

(1) (11 a,15^)-9-oxo-11.15-dihydroxy-16-(3.methoxymethyl-5-methoxy phenyO-17,18,19,20-tetranorprost- 
13E-enoicacid or 

(2) (1 1 a, 1 5^-9-oxc-l 1 , 1 5-dihydroxy-1 6-(3-methoxymethyl-5-methoxy phenyl)-1 7, 1 8,1 9,20-tetranorprost-5Z, 
13E-dienoicacid, 

or a methyl ester thereof. 

1 8. A compound according to claim 1, 5 or 10, which is 

(1)(11a,15a)-9-oxo-11,15-dihydroxy-16-(3-(2-fiuoroethyl)phenyl]-17,18, 19,20-tetranorprost-13E-enoicacid, 
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(2) (11 a, 1 5a)-9-oxo-1 1 l 15.dihydroxy-16-[3-(2.fluorolethyl)pheny1]-17 t 1 8, 1 9.2<Metranorprost.5Z. 1 3E-dienoic 
acid or 

(3) (11 a ,15 oV9^xo-11,1MhydroKH 
20-octanorprost-13E-enoic acid, 

or a methyl ester thereof. 

17. A compound according to claim 1.5 or 11, which is 

(1) (iio,l5a)-9*xo.11,1Mhydr^ 
acid 

(2) ' (iia,15a)-9*x>11,1Wihydroxy^6-(3™^^ 
enoic acid 

( 3) (11a,155)-9-oxo-11,15-d^ 

(4) (11 B j5fr9w11.1Mhyc^ 

(5) ° |C (11^^^^ 

20-octanorprost-13E-enoicacid, 
or a methyl ester thereof. 

18. A compound according to claim 1, 6 or 9, which is 

(1) (9P ,11a .15^ )-9-chloro-11 l 15-dihydroxy.16-[3-(2-isopropyloxy ethylJphenyll-U.IS.ig^O-telranorprost. 
l^^^ G ^}^or^ 1 , 1 5-dihydroxy-1 6-(3-lsopropyloxymethyl phenyl)-1 7, 1 8, 1 9 t 20-tetranorprost-5Z, 
Pl^r^isi )-9-chloro-1 1 , 1 5-dihydroxy- 1 6-[3-(2-methoxyethyi) phenyQ-1 7, 1 8, 1 9.20-tetranorprost-5Z. 

(4) E "(9p,Tl o Tst )-9-chloro-1 1 .1 5-dihydroxy- 1 6-[3-(2-propyloxyethyl) phenylJ-17, 1 8, 1 9,20-tetranorprosf.5Z. 

(5) E "pp!l 1 " 15^ )-9-chloro-1 1 . 1 5-dihydroxy. 1 6-(3-propyloxymethyl phenyl)-1 7, 1 8, 1 9,20-tetranorprost-5Z, 

(6) E (9p " 1 a *i^)-9-fluoro- 11,1 5-dihydroxy- 1 6-(3-ethoxymethylphenyl)- 17,18,1 9 ,20-tetranorprost-5Z, 1 3E-dl- 
B {7) l °W^ a . 1 5 5)-9-fluoro-11 . 1 5-dihydroxy-1 6-<3-propyloxymethyl phenyl)-1 7, 1 8, 1 9,20-tetranorprost-5Z, 
(B^^p? 1 1 a B ,^5a )-9-chloro-1 1 . 1 5-dlhy droxy- 1 6-(3-rne thoxymethyl phenyl)-17 ( 18,19,20-tetranororost-13E- 
(QnQ^ phenyl)-17,18,19,20 ; tetranorprost-5Z,13E. 
(10) °(9p aCl 11a ,15a J-g^hlorc- 11,1 5-dihydroxy- 16-{3.(2-ethoxyethyl) phenyl]-17,18,19.20-tetranorprost-13E- 
01^1^ phenytl-17,18,19,20-tetranorprost-5Z, 
02M9 phenyl)-17 l 18 l 19.20-tetranorprost-5Z i 

(n^ 8 (9p C 1 la 1 1 5a)-9-fluoro- 11 . 1 5-dihydroxy-1 6-(3-methoxymethyl phenyl)-1 7,18,1 9, 20-tetranorprost- 

52,13E-dienoic acid or t * t + A vii^e*-* 

(14) (Bp ,11a .laJ-g-chloro-n.lS-dihydroxy-IMS-methoxymethyl phenyl)-1,6-(1,4-phenylene)-2,3.4,5,17, 

1 8, 1 9,20-octanorprost-1 3E-enoic acid, 
or a methyl ester thereof. 

19. A compound according to claim 1. 6 or 9, which is 

(1) ( 9 p .11 a.15 y.9^iorc-11,15-dihydroxy- 
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prost-5Z,13E-dienoic acid, 

(2) (9 P.11 aJ59-9^hlor>11,l3-dihydro^ 
prost-5Z,13E-dienolcacld or 

(3) (9 p ,11 a ,15 $ ).9-chloro-11,15-dihydroxy-16-(3^ 
prost-5Z,13E-dienoic add, 

or a methyl ester thereof. 

20. A compound according to claim 1, 6 or 10, which is 

(1) (9 p ,11 a, 15 ^g^lcro-II.IS-dihydroxy-ie-ta-hydroxymethyl phenyl)-17,18J9.20-tetranorprost-5Z, 

13E-dienolc acid or e _ 

(2) (9 p,11 a ,15 a)-9-chloro-11,15-dihydroxy-16-[3-(2-fluoroethyl) phenyl]- 17,1 8, 19.20-tetranorprost-5Z, 

13E-dienoic add, 
or a methyl ester thereof. 

21. A compound according to claim 1, 6 or 11, which Is 

(1) (9 p .11 a ,15 y-9^lc>ro-11,15-dihydroxy-16-(3-ethyl-4-hydroxy phenyl)-17,18,19,20-tetranorprost.5Z, 
13E-dienoicacid, 

(2) (9 p ,11 a ,15 5)-9-chloro-11,15-dlhydroxy-16-(3-propyl-4-hydroxy phenylM7 t 18,19,20-tetranorprost-5Z, 
13E-dienoicacld, 

(3) (9 p ,11 a, 15 a^S-chioro-II.IS-dihydroxy-ie-ta-methyl^-hydroxy phenyl)- 17,1 8, 1 9,20-tetranorprost- 
13E-enoicacidor 

(4) (9 P ,11 a ,15 a ).9^hloro-11,15-dihydroxy-16-(3-methyl^-hydroxy phenyl)-17,18,19.20-tetranorprost-5Z, 
13E-dlenolc acid, 

or a methyl ester thereof. 

22. A compound according to claim 1 or 7, which is 

(1) (11 o,15 a)-9-butanoytoxy-11,15-dlhydroxy-16-(3.methoxymethyl phenyl)-17,18.19,20-tetranorprost- 
8, 1 3E-dienoic acid 2-hydroxyethyl ester or 

(2) (11 a, 15 a)-9-butanoyioxy-11,15-dihydroxy-16-(3-methoxymethyl phenyl)-17,18,19,20-tetranorprost-8, 
1 3E dlenolc acid^ ^ 3 _ caAoxypn ^ oy ^^ 7, 1 8, 1 9,20- 
tetranorprost-8,13E-dienoic add, 

(4) (11a ,15a )-9-acetytoxy-11,15-dlhydroxy-16-(3-methoxymethyl phenyl)-17,18,19,20-tetranorprost-8,13E- 
dienoic acid or 

(5) (11a ,15a )-9-butanoyloxy-11,15-dihydroxy-16-(3.methyl-4-hydroxy phenyl)-17,18,19,20-tetranorprost- 
8,13E-dienoic acid, 

or a methyl ester thereof. 

23. A medicament comprising an to-substituted phenyl-prostaglandin E derivative of formula (I) described in claim 1, 
a non-toxic salt thereof or a cyclodextrin clathrate thereof as active ingredient. 



92 



EP1 114 816 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/04934 



A. CLASSIFICATION OF SUBJECT MATTER 

int. CI 1 C07C405/00, A61K31/S57 

*dbg to Intenadonaj Patent Classification (IPC) or to both national claasificadon and IPC 



B. FIELDS SEARCHED 



'Minimum documentation searched (cUaaificeuor .system Mi** by creation 
Int. CI 4 C07C405/00. A61K31/557 



symbols) 



Documentation 



searched other dan minimum documentation 10 the extent U 



Ele ctronic data consulted dung At ictan anonal search (name of cat, base and, what practicable, i 
CA(STN) , REGISTRY (STN) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant pasaagca 



Relevant to daia Ko. 



X 
A 



jp — 51-113847, A (Merck Patent boidbj , 
07 October, 1976 (07.10.76) 
t DE ( 2508995, Al & NL, 7602107, A 
& SB, 7602743. 3 6 PR, 2302727, Al 
i GB, 1535373, A 

jp, 51-125257, A (Pfizer Inc.), 

01 November, 1976 (01.11.76) 

& DE, 255S210, Al & NL, 7514446. A 

& NO, 7504195, B & SB, 7513602. B 

& PI, 7503475, A & PR, 2293923. Al 

& G* t 1508168, A & CH, 610302, A3 

jp, 8-59607, A (Teij in Limited), 
05 March, 1996 (05 .03.96) . 
especially, (0049) , [0051] , 10035) 
(Family: none) 



1-3,5,10,12. 
23 

4,6-9,11, 
13-22 

1-3.5,10,12, 
23 

4,5-9,11, 
13-22 



1-3, 7, 10, IS. 
23 

4-6,8,9,11, 
13-22 



p| Further 



documents am listed in the continuation of Box C. □ See patent family 



SdccbJ categories of cited documcoK 
S»« defmmg the lateral sous of the an wMch ii ool 
conaldered to bo of pariculir relevance 
C0IUJ , ^ pubiuhed oo or after the imemalional filing 



document which may throw doubt, oo ptority diiinWh or which (i 
cheduTwubliih the publication dat* of another cuaUcn or other 

KSSZttg^ detour, o* exatoition ot o,h« 

Sten, pubUahed prior to the rntenanonai filing data but later 
than the priority date claimed 



it publlibod after the internaliooai & 
priority dan and not to conflict with (he appUcatk 
„~^t^ ih« principle or theory uflderiyiag the 
doaunem of particular relevance; the claimed uivcnaoo 
considered novel or cannot be eowidered to *— 
atsp when the document ia taken alone 
document of particular relevance; (he claimed m venom 
considered to involve an inventive atcp when the docma 
combined with one or more other luch documents, ruca 
cotnbinarion bents obvious to a penon stilled in the art 
document member of die tame patent family 



S of the actual completion of the intemariooal search 
24 November, 1999 (24.11.99) 



Date of mailing of the international search report 
07 December, 1999 (07.12.99) 



Name and mailing addreii of the ISA/ 
Japanese Patent Office 



Facsimile No. 



Telephone No. 



Form PCT/ISA/210 (second sheet) (Juiy 1 992) 



93 



THIS PAGE BLANK (Win 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK'AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
Q / REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THISPAW=RlANKftiSP7W 



